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PREFACE. 



This brief outline of methods in Qualitative Analysis is 
the outcome of many years' experience in college teaching. 
While it has been prepared to meet the requirements of 
that larger class whose concern is chiefly with the disciplinary 
side of the study or with general preparation for other lines 
of work, the needs of the specialist in exact analysis have 
likewise been considered. So far as possible simple methods 
of treatment are presented; but certainty of result under all 
circumstances has been made the main issue. To this end, 
some more elaborate processes, like the basic acetate process 
for the separation of aluminium, iron, and chromium from 
the elements of the calcium group, in presence or absence of 
phosphates, have been introduced in the interest of exactness 
as well as directness, experience having shown that the prop- 
erly instructed beginner finds little difficulty and much advan- 
tage in such methods, frequently shunned in elementary 
work though indispensable to the practical chemist. 

Among the departures from common procedure may be 
mentioned the use of amyl alcohol in separating strontium 
from calcium, of manganese chloride in strong hydrochloric 
acid to discover oxidizing agents, of potassium ferricyanide 
in distinguishing between cobalt and nickel, of iodine and 
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in testing for sulphites and thiosulphates, of a 
with strong sulphuric acid to find a chloride in 
pf a bromide, of an arsenate to indicate and separate 
n, 

as been taken to secure compactness in the tables 
eristic reactions, in the schemes for the systematic 
r basic ions and acidic ions, and in the statements 
changes met with in the course of analysis. In the 
f clearness, basic and acidic ions of reaction are 
r distinguished in their symbols by the uniform 
fferent kinds of type; and material in the solid 
«d upon by reagents or precipitated from solution, 
y indicated. 

i originators of many methods taken freely from 
iture and too numerous to admit of individual 
ere, the authors desire to acknowledge their indebt- 
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find by processes of qualitative analysis that w 
of hydrogen and oxygen, and by processes of 



Characteristic Reactions of Basic loos of Group VI. Separa- 
tion and Identification of Basic Ions of Group VI. Tabular 
View of Group VI. Commentary upon Group VI. Important 
Reactions 68 

Group Separations in the Basic Analysis, Tabular View of Group 
Separations in the Basic Analysis'. Commentary upon Group 
Separations in the Basic Analysis 74 



>mmon Alcohols. Characteristic Reactions of a Few Cora- 
iii Alkaloids. Identification of a Single Alkaloid 



1 



PART I. 



INTRODUCTORY. 



PRINCIPLES AND PROCEDURE. 

Chemical Analysis is that department of chemistry which 
has to do with processes by which substances are identified 
and by which the constituents of complex substances are 
discovered. When the identified and recognized constituents 
of the substances are chemical elements, the process of deter- 
mination falls under the term elementary analysis; when the 
process of determination stops with constituent compounds, 
it is a process of proximate analysis. For example, we may 
find by proximate analysis that a given mixture contains 
water and alcohol; by elementary analysis, that the elements 
present in the mixture are carboy, hydrogen, and oxygen. 

A process of analysis which rests upon the discovery of 
the identity of the constituents without reference to th^ir 
amount is a process of Qualitative Analysis, while a process 
which has to do both with the identity and with the amounts 
of the constituents is a process of Quantitative Analysis. We 
find by processes of qualitative analysis that water consists 
of hydrogen and oxygen, and by processes of quantitative 
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analysis we determine the fact that water consists of 
per cent of hydrogen and 88.82 per cent of oxygen by t 

Qualitative Analysis, the special subject of our sfr 
more frequently proximate than elementary, since, the 
mination of the elementary composition of a compoun 
made, the recognition of a compound implies knowle 
the elementary constituents. 

Any special properties of substances which vary wi 
nature of the substances are available for purposes ol 
tification. Such are certain properties of condition- 
as state of aggregation, color, specific gravity, reft 
power for light, electrical conductivity, and other i 
attributes, which, like the melting of ice or the 1 
of water at definite temperature and pressure, an 
color, specific gravity, and refractive power of water 
defined conditions, may be observed and measured. 
also are certain properties of reaction, or manifestat 
capacity to change chemically under changed conditi 
energy, or to enter into action with other substances w 
formation of new substances — like the dissociation of c. 
carbonate to calcium oxide and carbon dioxide, whei 
ciently heated under suitable pressure; and the act 
water and iron upon one another, with formation of iroi 
and hydrogen. It is the sum total of all its properties 
fixes absolutely the identity of a substance, but the 
mination of a small number of properties is frequently e 
to make the recognition of a substance reasonably sure 
most important characteristics available for the identif 
and recognition of substances are found in their cb 
behavior. By the judicious study of the chemical rei 
into which they enter, and of the new substances thus f< 
substances may be most advantageously recognized. 
thermore, since the ions, or parts which move from 
pound to compound, are the entities most in evidence 
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changes which substances undergo, qualitative analysis is 
chiefly concerned with the recognition of the ions of reaction. 

Common phenomena for which we look in reactions as 
evidence of the formation of new substances are the produc- 
tion of a new state of aggregation and new properties, or the 
development of new physical properties pertaining to the 
substance apparently unchanged in state. So we look for a 
change of solids to the liquid or gaseous condition, for a 
change of liquids to the solid or gaseous condition, for a 
change of gases to the solid or liquid condition. We look 
also for the development of new properties such as a change 
of the amorphous condition or of the crystalline condition of 
solids, a change of the viscosity or fluidity of liquids, or a 
change of the density of gases. Changes of color in solids, 
liquids, and gases are likewise often marked and distinctive 
characteristics; but it must not be forgotten that the color 
of an individual substance may vary greatly with its fineness 
of subdivision or mode of production. Polished copper, for 
example, is very different in color and general appearance 
from copper deposited from solution by the action of a more 
electropositive metal, and the color of electrolytically de- 
posited copper varies with the strength of current and other 
conditions of the deposition. 

Chemical reactions may be brought about in individual 
substances by changes in conditions of energy, as in the 
case just cited, in which calcium carbonate breaks up into 
calcium oxide and carbon dioxide under the influence of 
heat. Chemical reactions between two or more substances 
take place only when the substances are in close contact, 
though such reactions may either be spontaneous, as soon 
as contact is effected, or they may be established only 
by certain changes of energy, as by accession of heat or 
application of an electric current. Given suitable conditions 
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of energy for spontaneous reaction, facility of contact favors 
chemical activity. 

Between gases and between miscible liquids chemical 
reaction takes place easily and thoroughly; between solids 
chemical reaction is limited and difficult. When, there- 
fore, we wish to bring about reactions between solid sub- 
stances, we usually gasify them by adjusting the conditions 
of temperature and pressure, or we liquefy them by fusion or 
by dissolving them in a suitable solvent. Sometimes it is 
sufficient to gasify or liquefy one of the reacting substances, 
providing the products of reaction are gaseous or soluble, 
and so continuously removed from the contact surface of the 
solid substance. Some chemical reactions, like the reduction 
of copper oxide by hydrogen at moderately high tempera- 
tures, are complete reactions — that is, they proceed under 
defined conditions of energy until one or more of the reacting 
substances is used up. But many chemical reactions, taking 
place under defined conditions of energy, are, like the reduc- 
tion of iron oxide by hydrogen in a closed space, incomplete 
reactions — that is, they proceed to a condition of equilibrium 
between active substances. By removing from the system 
an active product as it is formed, an incomplete reaction may 
be made complete; or, by properly concentrating a certain 
factor of the reaction (taking advantage of the principle of 
mass-action), an incomplete reaction may frequently be 
pushed onward toward completion. Thus in reducing ferric 
oxide by hydrogen taken in equivalent proportions in a closed 
vessel the reaction comes to an equilibrium: 

Fe 2 3 + 3H 2 <^2Fe + 3H 2 0. 

If the iron oxide is heated in a tube through which hydrogen 
is passed, the water formed is swept away in the current of 
hydrogen, and the reduction is made complete; or, even 
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when all the water is retained in the system, an increase in 
the proportion of the hydrogen originally present will push 
the reduction of the iron oxide farther. 

It is generally advantageous in analytical operations to make 
reactions as complete as possible, that tests may be delicate and 
separations as nearly perfect as may be. 

Reactions which take place in solution in water are of the 
greatest importance in analytical operations. Of such reac- 
tions, some result in the formation of a very insoluble and 
inactive product, and are practically complete. Others are 
incomplete, but may be made complete by taking steps to 
make a somewhat soluble and active product more insoluble 
and inactive. For example, if exactly the equivalent amount 
of sulphuric acid is added to barium chloride in solution in 
water, barium sulphate is precipitated, and the reaction is 
practically complete; for one part by weight of barium 
sulphate requires more than 400,000 parts of water to dis- 
solve it. The reaction by which barium sulphate is precipi- 
tated is, nevertheless, a reversible reaction : 

BaCl 2 + H 2 S0 4 rfBaS0 4 + 2HC1. 

If hydrochloric acid, a product of the reaction, be added to 
the mixture until it amounts to three per cent of the whole 
solution, the reverse action sets in and continues until 
barium salt remains in solution to an amount twenty-two 
times that which dissolves in pure water, or to one part in 
seventeen thousand of the solution. The precipitation of 
barium chloride by an equivalent amount of sulphuric acid 
is, therefore, incomplete in presence of much hydrochloric 
acid; but the precipitation may be made complete in several 
ways. 

If the solution is evaporated to dryness until the hydro- 
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cid is volatilized, the residue will consist of barium 
practically insoluble in water. If, taking advantage 
rinciple of mass-action, the proportion of sulphuric 
'. precipitant and active agent by which barium 
is converted to barium sulphate, is increased, the 
tion is advanced, and is practically complete when 
luric acid amounts to two and a half per cent, even 
; excess of hydrochloric acid makes up twenty per 
tie solution. When to the mixture of barium chio- 
ahuric acid, and the excess of hydrochloric acid, 
tydroxide is added to neutralization, the precipita- 
&rium sulphate is practically complete; and sodium 
i considerable amount accomplishes the same effect, 

acetic acid liberated in the metathesis between this 
the free acid is inert toward barium sulphate. An- 
de of completing an incomplete reaction is illustrated 
tion which takes place between sulphuric acid and 
chloride. The precipitation of calcium sulphate is 

complete in water, one part of calcium sulphate 
uble at the ordinary atmospheric temperature in 
dred parts of water; but if alcohol, to twice the 
)f the mixture, is added, precipitation is almost 

CaCl 2 + H 2 S0 4 = CaS0 4 + 2HC1. 

examples are typical of methods important in 
1 chemistry, by which incomplete reactions in solu- 

be pressed onward toward completion. 
plete precipitations may frequently be made prac- 
nplete by the removal of an active product by volatiliza- 
in increase in concentration of a precipitant, by the 
% of an active product to an inert product, or by a 

the nature of the solvent. 
i specific reaction involving the mutual neutraliza- 
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tion of an acid and a base in solution in water, the reaction 
may be complete or incomplete according to the nature of 
factors and products of the reaction. When the water 
formed in the reaction and the salt produced in the neutral- 
ization are mutually inactive, the reaction is complete, as 
when potassium hydroxide and sulphuric acid neutralize one 
another : 

2KOH + H2S0 4 - K2SO4 + 2H 2 0. 

When the water and the salt formed are mutually active, the 
reaction is incomplete, as when arsenious oxide and hydri- 
odic acid are brought together in concentrated solution in 
water : 

As 2 3 + 6HI«=>AsI 3 + 3H 2 0. 

But such a reaction of neutralization, incomplete because of 
the hydrolytic action of the product water upon another product 
of the reaction, may sometimes be made complete by adding 
some otherwise inert substance to combine with water. The 
addition of sulphuric acid, otherwise inert, in ordinary 
amount, is capable of reversing the hydrolytic action of 
water in the reaction given and establishing the precipita- 
tion of arsenious iodide. 

When substances occur in mixture, it is usually necessary 
to effect their separation in order that methods may be 
applied for the identification of the individual constituents 
of the mixture. 

Gases may be separated from one another, more or less com- 
pletely, by diffusion, or by the specific action of other suitable 
substances. Thus, hydrogen and oxygen may be partially 
separated by the more rapid diffusion of the former through 
the porous walls of the container; while carbon dioxide and 
air may be separated by the specific effect of potassium 



8 INTRODUCTORY. 

hydroxide upon carbon dioxide, potassium carbonate being 
formed. Gases and liquids, or gases and solids, may be sep- 
arated by applying heat and relieving pressure, or by the specific 
cation of certain suitable substances. Thus hydrogen and 
water dissolving it, or hydrogen and palladium in solid solu- 
tion, may be parted by heating, and more easily under dimin- 
ished pressure; while carbon dioxide and the water dissolving 
it may be parted by the action of calcium hydroxide, with 
formation of calcium carbonate, and the same gas absorbed 
in porous clay may be dissolved out of it by .water. 

Liquids, if non-miscible, may be separated from one anothe 
by decantation (pouring off, siphoning, or parting by means of 
a separating funnel); if nriscible, by fractional distillation; 
or, whether misdble or non-miscible, by reaction with suitable 
substances. For example, water and chloroform may be 
fairly well parted in the separating funnel, while alcohol 
and water may be fairly well separated by fractional distilla- 
tion. Alcohol and water are, however, more completely 
parted by the action of calcium oxide, with formation of cal- 
cium hydroxide; and the last traces of water may be taken 
out of alcohol by the regulated action of sodium, which 
decomposes the water with formation of sodium hydroxide 
and hydrogen. 

Solids and liquids may be separated by distillation of the 
latter; or, partially, if the solids are insoluble, by decantation or 
filtration; or, partially, if the solids are soluble, by converting 
dissolved substances into insoluble substances and then decanting 
or filtering. So, muddy water is purified by distilling it, 
leaving behind both the suspended and the dissolved solids; 
water and suspended dust may be separated by filtration; 
and water and the dissolved matter which makes it "tem- 
porarily hard " may be separated by adding to the solution 
just enough calcium hydroxide to react with the dissolved 
calcium hydrogen carbonate to form calcium carbonate, from 
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which the water may be decanted or filtered. When solids 
and liquids are partially separated by decantation or filtration, 
the separation may be completed by evaporating the last portions 
of the liquids, or by washing the solids with some other liquid 
which may remove the last portions of the first liquid and then 
be itself evaporated. For example, solid chromium trioxide 
and the liquid sulphuric acid which throws it down from a 
solution of chromic acid may be separated partially by fil- 
tration on asbestos; the last portions of sulphuric acid may 
be removed by washing the solid chromic trioxide upon the 
asbestos with strong nitric acid; and the nitric acid which 
adheres to the chromium trioxide may be removed by evap- 
oration at a low temperature, best under diminished pressure, 
leaving the completely separated chromium trioxide. 

Solids in mixture may sometimes be separated from one 
another by suspension, flotation, or fanning; sometimes by suitor 
ble solvents; and sometimes by the cation of suitable chemical 
reagents. Minerals are sometimes separated and prepared for 
analysis by the suspension of the lighter constituents in liquids 
of suitable density, which permit the heavier substances to 
sink. Gold, in the gold-washings, is separated from sand by 
the flotation of the lighter particles in running water. Grain 
is winnowed from the chaff by fanning with air. Sand and 
sugar may be separated by the solvent action of water upon 
the sugar. Silver and gold in alloy may be parted by nitric 
acid, which acts upon the silver and leaves the gold. 

It is to be noted that processes of washing, whether by 
decantation or by filtration, are the more effective for a 
given amount of washing liquid when this is applied in suc- 
cessive portions large relatively to the residue to which each 
portion is applied. For example, given a mass of sand 
covered by 200 cm. 3 of solution, we may get an idea of the 
relative effectiveness of different methods of applying a given 
amount of wash-water. If, first, 100 cm. 3 of the solution is 
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decanted, one-half of the soluble matter will be removed. 
Successive washings by filling to 200 cm. 3 , mixing, settling, 
and pouring off 100 cm. 3 will remove each time one-half of 
the soluble matter at that time in the solution. The applica- 
tion in this manner of 900 cm. 3 of water in portions of 100 

cm. 3 will result in leaving ^^Tjvvj °^ *ke s °l u ble matter of 

the solution, provided the soluble matter is uniformly dis- 
tributed through the liquid every time a new portion of 
wash-water is applied. 

If, on the other hand, nine-tenths of the liquid is poured 
off in the first decantation, leaving T V of the soluble matter 
originally present; the remaining 20 cm. 3 diluted to 200 
cm. 3 ; the solution mixed, settled, and poured off until only 

11 
20 cm. 3 remain; then ^ of ^ of the original soluble material 

will be left. After washing in this manner by 900 cm. 3 of 
water applied in five portions, the amount of solid matter 

in solution will be TT^^ i ooOOOri °* *^ a ^ or *P na ^y present 

in solution. The second method of applying the given volume 
of water is obviously nearly a thousand times as effective as 
the first method. 

As a matter of fact, the washing of insoluble material is 
never so complete as would be indicated by our theory, for 
the reason that the distribution of soluble material in a 
mixture of solid and solution is never uniform throughout 
the given volume, portions of the solution being concentrated 
within the pores of the solid, or upon its surface by what is 
known as adsorption. To remove sulphuric acid from spongy 
silver, for example, in a well-known analytical process, re- 
quires not merely superficial washing of the silver, but 
intervals of soaking, in order that the included acid may 
diffuse from the silver into the wash-water. The ease with 
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which a solid may be washed depends largely upon its condi- 
tion. Granular material is more easily washed than colloidal 
material, and the more easily as the grains are larger. 

In analytical processes the substances to be washed are 
generally precipitates, and upon their character depends the 
ease of the operation. Crystalline precipitates may generally 
be washed easily, but some crystalline precipitates are so 
finely divided that they make difficulty by their tendency 
to clog the filter and even to pass through the pores of the 
filter. Such precipitates, of which calcium oxalate is an 
example, may be handled better if allowed to digest for some 
time in contact with the liquid from which they have been 
formed; for all are more or less soluble, and in the continual 
reaction between solvent and solute the larger grains tend to 
grow larger and the smaller particles to disappear, and 
warmth is usually favorable to such action. 

Colloidal precipitates not only tend to clog the filter, but, 
as the material in solution diminishes in the process of wash- 
ing, to disintegrate. Precipitates of this sort are best washed 
toward the end of the operation with a solution of some salt 
as little disadvantageous as may be in subsequent operations. 
Stannic sulphide, such a precipitate, is often washed with a 
solution of ammonium nitrate, a substance easily volatilized 
afterward, if need be. 

Filters of paper are most frequently employed in analyt- 
ical operations, but asbestos is often serviceable, especially 
in filtering strong acids or solutions of alkali hydroxides. 
Suction is sometimes used to make filtration more rapid, but 
the filter-paper must then be protected and supported in the 
funnel by little perforated cones of platinum or of parchment. 



LASSIFICATION OF THE IONS OF REACTION. 
ms are classified as positive or basic, and negative or 

A. Grouping of Positive or Basic Ions, 
asic ions are classified in groups, as follows; 
roup I. Basic ions whose soluble compounds form with 
ichloric acid insoluble chlorides: 

Ag, Hg 2 , *Pb. 

roup II. Basic ions which do not yield insoluble chlo- 
but whose soluble compounds form with hydrogen sal- 
i in the presence of dilute hydrochloric acid insoluble 
ides: 

Pb, Hg, Bi, Cu, Cd, As, Sb, Sn. 

ion A. Ions forming sulphides insoluble in ammonium 
ulphide: 

Pb, Hg, Bi, Cu, Cd. 

ion B. Ions forming sulphides soluble in ammonium 

ulphide : 

As, Sb, Sn. 

roup III. Basic ions which do not yield insoluble 
ides nor insoluble sulphides in the presence of free dilute 

Lead chloride ia partially soluble even in cold water and not com- 
,- separated. 
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hydrochloric acid, whose compounds form with ammonium 
hydroxide hydroxides insoluble in faint excess of the precipi- 
tant and in ammonium salts, and whose acetates are hydro- 
lyzed when heated, with formation of insoluble basic acetates; 

Al, Fe m , Cr 111 . 

Group IV. Basic ions which do not yield insoluble 
chlorides, sulphides in the presence of dilute hydrochloric 
acid, hydroxides in the presence of ammonium salts, or basic 
acetates, but whose soluble compounds form with ammonium 
sulphide insoluble sulphides: 

Ni, Co, Fe 11 , Mn, Zn. 

Group V. Basic ions which do not yield insoluble chlo- 
rides, sulphides, or hydroxides in the presence of ammonium 
salts, but whose compounds form with ammonium carbonate 
in the presence of moderate amounts of ammonium salt 
insoluble carbonates: 

Ba, Sr, Ca. 

Group VI. Basic ions which do not yield insoluble 
chlorides, sulphides, hydroxides, or carbonates in the presence 
of ammonium salts : 

Mg, NH 4 , Na, K, Li. 

B. Grouping of Negative or Acidic Ions. 

The acidic ions naturally divide into three groups: 
Group I. Acidic ions whose soluble compounds form pre- 
cipitates with barium chloride or barium nitrate in neutral 
solutions not containing salts of ammonium * : 

* The silver compounds of some of these ions are precipitated from 
neutral solutions by silver nitrate, but the salts thus thrown down are 
soluble in nitric acid. 
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1 Yielding barium salts insoluble in dilute hydro- 
j chloric acid or nitric acid. 



Yielding barium Baits soluble in dilute hydrochloric 
acid or nitric acid without any apparent decom- 
position. 



Yielding barium salts soluble in dilute hydrochloric 
acid or nitric acid with evident decomposition. 



roup II. Acidic ions whose soluble compounds form 
pitates with silver nitrate in solutions acidified with 
acid * : 



Cl 


Fe"C,N, 


Br 


Fe™<lN 6 


I 


SON 


CN 





(NO,) 



roup III, Acidic ions whose barium compounds and 
■ compounds are soluble even in water: 

CIO, NO, C 2 H,0 

CIO N0 2 



. PART II. 
THE BASIC ANALYSIS. 



REACTIONS AND METHODS. 

The Basic Analysis is that part of Qualitative Analysis 
which treats of the identification of the Positive or Basic Ions, 

15 
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THE BASIC ANALYSIS. 



CHARACTERISTIC REACTIONS OF BASIC IONS. 

Group I. 



Typical 
Com- 
pound. 


47NO3 


ify 2 (NO,) 2 


. ^(NO,) 3 


Reagent. 


P. white,curdyAgC 1. 
Insol. in acids. 
Sol. in NH 4 OH. 

" KCN. 

" Na^O,. 
Darkens in the light. 


P. white, granular 

Hg,CV 

Insol. in cold HCl. 

Sol. in HNO,. 

( ' aqua regia. 
Converted by ammo- 
nia into 

NHg 2 Cl.NH 4 Cl 
+2rfe 
with blackening. 


P. white, Xn. PbCl^ 
Slightly sol. in cold 
water, freely in hot 
water. With 
NH.OH gives an 
insoluble basic salt. 


Ha 


H£ 


P. black Ag 2 S. 
Insol. in (NH ) S. 
Sol. in hot HNO,. 


P. black HgS+Hg. 

Partly sol. in HNO,. 
Sol. in aqua regia. 

• 


P. black PbS. In 
presence of much 
HCl red lead chloro- 

sulphide g j*C'») 

may fall first, which 

by excess of ELS is 

converted into black 

PbS. 

Insol. in (NHJJ8. 

Sol. in HNO r 


H£0 4 


P. white Ag 2 S0 4 , 
only in concentrated 
solutions. 


P. white Hg ? S0 4 . 
Slightly sol. in water. 


P. white PbS0 4 . In- 

sol. in dilute Hj80 4 . 
Somewhat sol. in 
HNO; Sol. in 
NH^OHjO, and in 


NaOK 


P. brown Ag 2 0. 
Sol. in HNO.. 
" NH 4 OH. 


P. black Hg 2 0. 
Sol. in HNO. 
InsoL in NH 4 OH. 


P. white PW) 2 H 2 . 

Sol. in excess of 

NaOH. 

Sol. in HNO,. 

Insol. in NH 4 OH. 
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CHARACTERISTIC REACTIONS OP BASIC IONS. 



Gboup L 



TraoAL 

OOfM- 
XODHDu 


AgKOi 


tffc(NO,) a 


P6(NO,) a 


BaAOTNT. 


P. brown Ag 2 0. 
SoL in excess of 
NH 4 OH. 


P. black amine, eg. 
NHg a NO,+2Hg. 
Nearly insol. in ex- 
cess of NH 4 OH. 


P. white basic salt, 
insol. in excess of 
NH 4 OH. 


NHfiK 


jya>oo, 


P. white Ag 2 CO r 
SoL in NH 4 OH. 


P. yellow basic car- 
bonate going into 
Hg s O and blacken- 
ing. 


P. white basic car- 
bonate, e.g. 
2PbCO,+ PbO a H„ 
"white lead." 


X£*0 4 


P. dark red 
Ag 2 Cr0 4 . SoL in 
HNO„ in NH 4 OH. 


P. dark red basic 
salt. Slightly soL 
inHNO,. 


P. yellow PbCr0 4 . 
Somewhat sol. in 
HNO P 


jyRsC^Ne 


P. white 

Ag 4 FeC 6 N 6 . Insol. 
in NH 4 OH. 


P. white 
(Hg^FeCJV 


P. white 
Pb 8 FeC.Na. 


SmCL, 


P. white AgCl. 


P. dark gray Hg. 


P. white PbCl r 



THE BASIC ANALYSIS. 

SEPARATION AND IDENTIFICATION 

solution containing silver, mercuroue, and lead salts add hydtochl 

Precipitate (1) 

Aid Hg.Cl, PbCl r 

Treat on the filter with a small amount of boiling 



1 



Residue (2) 

AgCl, HfeCl,. 

lOroughly with hot water, until the washing 
t for Ph. Moisten thoroughly but not to 
ith NH.OH, and wash with a tittle water. 



NHfeCLNH.cn- 2Hg. 



Black coloration indicates the formation of 
NHg,CLNHXl+2Hg Perforate the filter, wash 
into a test-tube, dissolve in a very little aqua regia, 
dilute, filter (to remove any AgCl still remaining), 
and add SnCL 

~ bite, HgXlj, or gray or dark HgXl,+ Hg, 
" [BffJ- 



TABULAR VIEW OF GROUP L 



TltBATMBNT 1 

Ha 
p(U 



f BEATMUNT OF P (1) 

with Hot Water. 
R (2) F (2) 



Tbxatmknt of R (2] 

with NH,OH. 

R (3) F (3) 



AgCl 



AgCl 
HgXl, 



sAgCLyNH, 
itXl + 2Hg 



NHgXLNH- t Cl+2Hg 



F 
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OF BASIC IONS OP GROUP L 

orio acid in excess, but not in great excess, filter, and wash with oold water. 

I 



water. 

I 



Filtrate (1] 
Reject. 



Filtrate (2) 
PbCl, 

Divide in three portions: 

(1) Add KXfrOj. P. yellow PbCrO. indicates Pb. 

(2) Add KX P. yellow Pbl a soluble in hot water, 

indicates Pb. 

(3) Add H^S. P. black PbS indicates Pb. 



I 
Filtrate (3] 

x AgCLy NH,. 

Add dilute HNO, to faint acidity. 

P. white, curdy on shaking, AgCl, indicates Ag. 

If the extraction by hot water was imperfect, 
lead may remain to dissolve in the excess of ammo- 
nia and appear on adding HN0 8 . It will, however, 
dissolve in a slight excess of HNO„ leaving the 
AgCL 
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COMMENTARY UPON GROUP I. 

Group I is distinguished by the insolubility of its chlorides 
in water, though lead chloride is slightly soluble in cold 
water and freely soluble in hot water, and so is not com- 
pletely separated. 

A reasonable excess of hydrochloric acid should be used 
in precipitating the chlorides in order to insure the complete 
precipitation of the silver chloride and mercurous chloride. 
A large excess of the acid is to be avoided on account of its 
solvent action, especially upon the silver chloride. 

The washing of the precipitated chlorides with water is 
to remove soluble compounds, and cold water is used in order 
to avoid the increased solvent action which warm water has 
upon lead chloride. 

In separating lead chloride from the other chlorides of this 
group, use is made of the solvent action of hot water. It 
is used in small amount first, to insure a fairly concentrated 
solution of lead chloride for the lead tests. The complete 
removal of lead chloride from the other chlorides is readily 
accomplished by continued treatment with hot water without 
any appreciable effect upon the other sajts. 

The residual chlorides, when acted upon by ammonium 
hydroxide, give a black insoluble mixture of the dimercur- 
ammonium double salt and mercury, and a soluble silver 
compound. The ammoniacal silver solution is readily de- 
composed by nitric acid with the reprecipitation of silver 
chloride. A large excess of ammonium hydroxide in effecting 
this separation tends to produce some solvent action upon 
the mercury compound and so should be avoided. 
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If the amount of silver chloride present is small relatively 
to the amount of mercurous chloride, it may be reduced to 
metallic silver by the metallic mercury in the black residue. 
If no silver has been found when the formation of the black 
residue is large, this residue may, if desired, be further exam- 
ined for traces of silver by volatilizing the mercury (under a 
hood), dissolving the residue in nitric acid, and precipitating 
by hydrochloric acid. 

Important Reactions. 

Pb(N0 3 ) 2 + 2HC1 - PbCl 2 +2HN0 3 . 
PbCl 2 + K 2 Cr0 4 = PbCr0 4 +. 2KC1. 
PbCl2+H 2 S=PbS+2HCl. 
PbCl 2 + H2SO4 = PbS0 4 + 2HC1. 
PbCl 2 + 2KI = Pbl 2 + 2KC1. 

AgN0 3 + HC1 = AgCl + HNO3. 

x AgCl+i/ NH4OH =x AgCLj/ NH 3 +y H 2 0. 

x AgCLy NH 3 + y HN0 3 = x AgCl + y NH4NO3. 

Hg 2 (N0 3 ) 2 +2HC1 =Hg 2 Cl 2 +2HN0 3 . 

2Hg 2 Cl 2 + 4NH 4 0H - NHg 2 Cl.NH 4 Cl + 2Hg + 2NH 4 C1 + 4H a O. 

2Hg + NHg 2 Q + 4HC1 + 2C1 2 = 4HgCl 2 + NH4CI. 

3HgCl 2 + 2SnCl 2 = 2SnCl 4 + Hg 2 Cl 2 + Hg. 
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CHARACTERISTIC REACTIONS 
Group II. 



fl,AaO, 


if,A»0, 


SnCl, 


ellow A 8,5,. 
■1. in concentrated 
. Sol. in alkali 
roxides and 


P. yeUowAs.S.or 

AsA+Sr Forms 
slowly on warming. 
Insol. in HO. Sol. 
in alkali hy droxides 
and sulpliidis. 


P. dark brown SnS. 
Sol. in concentrated 
Ha Sol. in alkali 
sulphides contain- 
ing free sulphur. Sol. 
with difficulty in 
alkali hydroxides. 
Difficultly sol. in al. 
kali sulphide* with no 
freeS. 


ellow ASjSf 
in excess, form 
(NH,),AsS 4 . 


P. yellow A^Sr 
SoL in excess, form- 
ing (A-HJjAhS,. 


P. dark brown SnS. 
Sol. with difficulty in 
excess. Sol. on addi- 
tion of S, forming 

(NH,),SnS, 






P. white SnO,H r 
Sol. in excess. 






P. white SnO,H r 
Darkens in excess on 
boiling. 
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OF BASIC IONS. 
Division B. 



SnCl 4 


SbCl t 


s&a 5 


Typical 
Com- 
pound. 


P. yellow SnS r 
Sol. in concentrated 
Ha. Sol. in alkali 
hydroxides and sul- 
phides. 


P. orange Sb 2 S*. 
Sol. in concentrated 
Ha. Sol. in alkali 
hydroxides and sul- 
phides. 


P. light orange Sb 2 S 
or Sb 2 Sg+ Sj. 
Sol. in concentrated 
Ha. Sol. in alkali 
hydroxides and sul- 
phides. 


Reagent. 


Hfi 

1 


P. yellow SnSr 
Sol. in excess, form- 
ing (NH^SnSa. 


P. orange Sb 2 S*. 
Sol. in excess, form- 
ing (NH 4 ),SbS 4 . 


P. light orange Sb 2 S 8 . 
Sol. in excess, form- 
ing (NH 4 ),SbS 4 . 


(NH 4 )£+& 


P. white Sn0 4 H 4 . 
Nearly completely 
sol. in slight excess. 


P. white SbO,H r 
Sol. in excess. 


P. white NaSbO r 
Sol. in excess, espe- 
cially on heating. 
[KOSb0 2 is more sol.] 


NaOB. 


P. white Sn0 4 H 4 . 
Slightly sol. in ex- 
cess. 


P. white SbO.Ha. 
Insol. in excess. 


P. white NH 4 SbO,. 
Nearly insol. in ex- 
cess. 


NHfiR 
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CHARACTERISTIC REACTIONS 
Geoitf IL 



1 





j?,asO, 


H,As0 4 


SnO, 


- 






P. white SnO,H r 
Insol. in excess. 




P. yellow Ag.AsO,. 
Sol. in HNO. and in 
NH.OH. 


P. brick-ted 
Ag-AsO, Sol. in 
HNO„ in NH.OH. 


P. white AgCI, or 
dirty white 
AgCl+Ag. 




P. white Hg, As,0„ 

Sol. in acids. 




P. white Hr„CL or 
gray rlfcCU+flg. 


[ 


■ 


P. white 

NH.MgAaO,. 

Sol. in acids, even in 

HCH,°r 


P. white SnO,H r 
with NH,OH. 


i 
> 


Gaeeons *°TT, 
Yields deposit of As in hot lube or on porce- 
lain sol. in NaOCl, also in {NHJ,S + S and 
the sol. in the latter gives with HCi, P. yel- 
low ASj,S s . 


P. gray. Metallic Sn. 
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OF BASIC IONS. 



Division B (Concluded). 



8nd 4 


SbClt 


SbCi B 


Typical 
Com- 
pound. 


P. white Sn0 4 H 4 . 

Titanl in ATnpaa 


P. white SbO,H 8 . 
Somewhat sol. in ex- 
cess. On boiling 
tends to throw down 
Sb a O r 


P. white NaSbO r 
Sol. in excess, espe- 
cially on boiling. 


Rkaobkt. 


LUoUlt All OAVA3BO. 


NaflO a 


P. white AgCL 


P. white AgCl. 
Sol. in NH OH. 
Sb 2 0„ insol. in 
NH 4 OH. 


P. white AgCl, and 
on neutralizing the 
solution, white 
Ag 8 SbO x 
SoLin NH 4 OH. 


4?N0, 








HgO, 


P. white Sn0 4 H 4 . 
Slightly sol. in excess 
—as with NH 4 OH. 


P. white SbOjHy 
Insol. in excess — as 
vrith NH 4 OH. 


P. white NH 4 Sb0 8 . 
Nearly insol. in ex- 
cess — as with NH 4 OH. 


Mgmixtuxe 
[MgCL 
NHfll 
[ NHflB. 


P. gray. Sn, and, 
from sol. exhausted 
of acid, Sn0 3 H 3 


Black stain or deposit and gaseous SbH ? . 
Deposit of Sb in hot tubes or on porcelain 
insol. in dilute NaOCl; sol. in (NHJJS + S, 
and this solution gives SbaS with HC1. 


Nascent H 
in acid sol. 
(Zn+HCaj 


....... ~ 


P. white SbOCl. 


P. white (SbOCI,, 
etc. ) H s Sb0 4 . 


H 2 
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SEPARATION AND IDENTIFICATION OF 

be solution containing members of this group with HCI, norm, 
jid pass HjS. Should further precipitation take place in this 
treatment with HjS no effect is produced. Wash the precipitate 



'* (1 ), Divisions A and B.— HgS, PbS, BI,S_ CuS, CdS, SnS, 

Sb,S„ AftjS, As,S P Tranafer to a test-tube or amall beaker, 
■" -' — * -npolyBulpbide(NH,)^+8, warm gently, dilute. 



A. Residue (2) — HgS, PbS, Bi,S„ CuS, CdS. Wash tlior- 
irate the filter, tranafer to a test-tube with dilute HNO, (usually 
), and boil aa long aa anything appears to dissolve. Dilute e ' 



3).— Black HgS, or white Hg&HgfNO,),, or, possibly PbSO,. 
little aqua regia, dilute, filter, and add SnCl r P. white H£ S C1„ 
■rk Hg 2 CI,+ Hg, indicates Hg. 



fe (4).— White Pb50 r Confirm by dissolving in NaOH, adding 
acidifying with HCjIIjOr P. yellow PbCrO, indicates Pb. 
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BASIC IONS OF GROUP II. DIVISION A. 

pass ILjS until precipitation ceases, and filter. Dilute a portion of the filtrate- 
small portion, dilute and treat the entire filtrate with H^S until upon further 
with hot water. 



Filtrate (1).— Reject. 



Filtrate (2). Division B, Group L — Set aside for treatment. 



Filtrate (3). — Evaporate to dryness, add H 2 S0 4 , heat until fumes of HjSO- 
appear, allow the acid to cool, and dilute it with three times its volume oi 
water, transfer to a test-tube, filter, and wash with dilute HgSO^ (1:3). 



Filtrate (4). — Add NH 4 OH in excess and filter. 



Filtrate (5). — Blue solution indicates Cu. If no color is visible, divide the- 
solution, (a) Acidify with HCjHgOa, and add K.FeCaNe. P. mahogany ~ 
brown Gu 2 FeC 6 N 6 indicates Cu. (b) Warm, add HC1 in faint- excess, pass- 
HjS, filter, wash with hot water, transfer to a test-tube, boil in dilute H^SO- 
(1 : 5), and filter. Dilute the filtrate with an equal volume of water, cool, and 
pass HjS. P. yellow CdS indicates Cd. 

(c) Alternative of (b). — Add KCN until blue color disappears. Pass HjS 
and filter. P. yellow CdS indicates Cd. 
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SEPARATION AND IDENTIFICATION OP 

fy the Citrate from Division A with HCI, filter, and wuah. 

pilaie (1). Division B.— SnS,, Sb Sj, Ab,S,. Transfer to a tost, 
h 5 cm. 1 of water, add an equal volume of strong HCI, and warm 
boiling for a few minutes. Allow to cool, pass H^S, filter, and wash 
I (1:1), and then thorough y with water. 

ae (2). — Yellow As,5, indicates As. 

>nnrm the presence of arsenic, dissolve a portion of the washed As,S 
,, boil until red fumes are no longer evolved, dilute and filter, divide: 
me portion add AgNO„ and neutralize carefully with NH,OH. P. 
I Ag,As0 1 indicates At; (b) Add a few drops to about 5 cm.* of 
rat solution of (NH,) a MoO, in dilute HNO„ and warm. P. yellowish 
.■O, 1 1MoO,.6HiO indicates As. 

i alternative test for As treat the precipitate with a little strong HCI 
tv little KC10,, and divide the solution: (a) treat with Zn and HCI 
ill Marsh's apparatus, and test the mirror with NaOCl; (i) treat 
1,011 in excess and add magnesia mixture. P. white, crystalline 
AsO. confirms As. 



•ortion of the filtrate may bo set aside and tested directly for 8n by 
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BASIC IONS OF GROUP II. DIVISION R 



Filtrate (1).— Reject 



* Filtrate (2). 
Add oxalic acid (about 1 grm. to 10 cm. 3 of 
the solution), warm, and add HC1 if necessary 
to clear the solution. Pass HgS. 



Precipitate (3). 
Orange Sb 2 Sg or Sb 2 S 6 indicates Sb. 
Should a dark coloration occur at this point, 
indicating CuS in traces; previously dissolved in 
the treatment by (NH 4 ) 2 S+S, the precipitate 
should be treated with Na^, which dissolves the 
SbjSg, leaving the Cu& After filtering, the residue 
may be tested for copper, and the filtrate acidified 
to precipitate the orange Sb 2 S 6 . 



Filtrate (3). 
Boil to expel HJS, add 
a little finely divided Zn 
and HC1, and warm until 
the Zn has disappeared. 
Filter, and to the nitrate 
add HgOj. P. white 
Hg a Cl 2 or gray or dark 
Hg 2 Cl 2 + Hg indicates Sn. 



the Zn and HC1 method of Filtrate (3) if Sb was found to be absent. 
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TABULAR VIEW OF GROUP H. DIVISION A. 



Treatment 
withH,S. 
P(l] 

HzS 

PbS 
BI.S, 
CuS 

CdS 
Am& 

Sb,S s 
SnS 



Treatment 
of P(l] with 
(NH.J.S + S. 
R<2) F(2) 

HgS 

PbS 
BL.S, 
CuS 

CdS 

(NH.LAaS, 
(NH.) <" " 
(NHJ 



Treatment 

of R (2) with 

HNO, 

;(3] F<3) 

HgS 

Pb{NO,), 

Bi(NO,), 
Cu(NO,), 
CdlNO,), 



Treatment 
of F (4) with 

NH.OH. 
P(5) F(5) 



PbSO, 

BL(SOJ, 
CliBO. 

CdKO, 



BIO(OH) 
Cu(OHf, 

Cd(OH), 



TABULAR VIEW OF GROUP II. DIVISION B. 



9 from Div. A. 


Treatment with HC1. 
P(l) F(l) 


Treatment of P (1) with 

Ha (i;i) hot 

R (2) F (2) 


■JB.I.AaS, 

ra,),sbs, 

fH,^SnS, 


Ai-S, 
SbA 

SnS, 


A»A 

SbQ, 

SnCl, 
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COMMENTARY UPON GROUP II. 

The solution containing members of the group is acidified 
'with hydrochloric acid before passing hydrogen sulphide, 
because in neutral or alkaline solution the precipitation of the 
sulphides of arsenic and antimony would not be complete. 

Dilution with water before passing hydrogen sulphide often 
causes the precipitation of oxychlorides of antimony and 
bismuth, but if precipitated it is not necessary to redissolve 
them in hydrochloric acid, because they are readily changed 
to sulphides by the addition of hydrogen sulphide. 

A large excess of hydrochloric acid is to be avoided on 
account of its solvent action, notably upon cadmium sulphide 
and tin sulphides; but this effect of the hydrochloric acid is 
obviated by diluting the filtrate with water after the first 
precipitation by hydrogen sulphide and treating repeatedly 
with hydrogen sulphide. 

The color of the precipitated sulphides depends upon the 
relative amounts of the individual sulphides present. Mer- 
curic sulphide, lead sulphide, bismuth sulphide, copper sul- 
phide, and stannous sulphide are black or brownish black; 
cadmium sulphide, arsenious sulphide, arsenic sulphide, and 
stannic sulphide are yellow; and antimonious sulphide and 
antimonic sulphide are orange. Mercuric salts often give at 
first a white precipitate of a mercuric chlorosulphide, a double 
salt which on further treatment with hydrogen sulphide 
changes to black mercuric sulphide. Lead salts in the pres- 
ence of considerable hydrochloric acid give with hydrogen 
sulphide a red lead chlorosulphide, which in excess of hydro- 
gen sulphide is converted to the black lead sulphide. 
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Should arsenic be present in the higher condition of val- 
ence, its sulphide is very slowly precipitated, and is best 
formed at a temperature near that of boiling water. 

Separation of Divisions A and B. 

The division of the group depends upon the action of 
ammonium polysulphide upon the sulphides of arsenic, anti- 
mony, and tin in forming soluble sulpho-salts. The polysul- 
phide is used because the excess of sulphur is necessary to the 
formation of the soluble ammonium sulpho-stannate, should 
tin be present as the stannous sulphide. The excess of 
sulphur in the ammonium polysulphide forms the sulpho- 
salts of the higher condition of valence with both antimony 
and arsenic, as well as with tin. 

Copper sulphide may be to some extent attacked by 
ammonium polysulphide, and so may appear in traces with 
Division B. Its separation from the sulphides of Division B 
will be considered later. 

The double salts which tend to form when hydrogen sul- 
phide acts in limited amount upon mercuric and lead salts 
are converted by ammonium polysulphide as well as by an 
excess of hydrogen sulphide into simple sulphides,- 

The sulphides are warmed gently with ammonium poly- 
sulphide, because the cold reagent is slower in its action, 
while too high a temperature tends to cause not only a greater 
solvent action upon the cupric sulphide but also decomposi- 
tion of the polysulphide itself. 

After the treatment with the polysulphide, the residue, 
composed of the insoluble sulphides of Division A, should 
be thoroughly washed with water, to effect the complete 
removal of the soluble sulpho-salts of Division B. 
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Separation of the Members of Division A. 

The separation of mercury from the other members of 
Division A depends upon the insolubility of mercuric sulphide 
in dilute nitric acid (1:3). It is important that the sulphides 
receive a thorough treatment with the acid, and that the 
dilute acid used be fully as strong as the mixture containing 
one part of acid in four parts of the water solution. Should 
the acid be more dilute, some of the other sulphides, particu- 
larly cupric sulphide, will not be acted upon and will remain 
with the mercuric sulphide. Strong nitric acid has some 
solvent action upon mercuric sulphide, and also tends to 
oxidize the lead sulphide almost entirely to lead sulphate, 
and it is therefore avoided. 

The -residue after the nitric acid treatment must always 
be tested for mercury. The presence of a black residue is not 
proof of the presence of mercury, because in the decomposi- 
tion of the sulphides by nitric acid sulphur generally is a 
product, and it is often blackened by traces of cupric sul- 
phide, lead sulphide, and bismuth sulphide enclosed in it. 
A white or yellow residue is not proof of the absence of 
mercury, because the action of nitric acid upon mercuric 
sulphide often yields a white compound of the composition 
xHg(NOs)2.J/HgS, or a yellow mixture of this compound 
with sulphur. By the action of aqua regia upon the 
insoluble mercury residue mercuric chloride and mercuric 
nitrate are formed, which, when treated after dilution of the 
solution with stannous chloride, give white mercurous chloride, 
or a black mixture of mercurous chloride and mercury. 

The separation of lead from bismuth, copper, and cad- 
mium depends upon the formation of an insoluble sulphate 
when sulphuric acid is added to a solution containing salts of 
these ions. The nitric acid solution of the sulphides is evap- 
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orated to the fuming-point of the sulphuric acid in order to 
remove the more volatile nitric acid, in which lead sulphate 
is slightly soluble. The solution is diluted so that it may 
be filtered upon paper, and washed with dilute sulphuric acid, 
because the lead sulphate is more insoluble in dilute sul- 
phuric acid than in water. The tendency of bismuth salts to 
become hydrolyzed, forming basic compounds in presence of 
water, is also overcome by the sulphuric acid used in remov- 
ing the lead sulphate. The presence of lead may be readily 
confirmed by decomposing the sulphate either with ammon- 
ium acetate or with sodium hydroxide, and testing with 
potassium chromate in acetic acid solution. 

The separation of bismuth from copper and cadimum 
depends upon the formation of insoluble bismuth hydroxide, 
while the hydroxides of copper and cadmium are soluble in 
excess of ammonium hydroxide. Traces of lead not com- 
pletely separated as the sulphate may be precipitated with 
the bismuth as the hydroxide. The presence of bismuth may 
be confirmed by taking advantage of the characteristic be- 
havior of bismuth salts when acted upon by large volumes of 
water, i.e., the formation by hydrolysis of insoluble basic 
salts. In making the confirmatory test it is important to 
avoid the use of any considerable excess of hydrochloric acid 
in dissolving the bismuth hydroxide, because of the tendency 
of the acid to reverse the action by which the basic salt is 
formed. 

The presence of a moderate amount of copper may be 
detected in the filtrate from the bismuth hydroxide by the 
blue color of the solution containing the copper-ammonium 
salt. Should copper be present in very small amounts a 
more delicate test for it is made by acidifying the ammoniacal 
solution with acetic acid and adding potassium ferrocyanide. 
A mahogany-brown precipitate of cupric ferrocyanide indi- 
cates copper. 



ik. 
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The separation of copper from cadmium depends upon 
the solubility of the cadmium sulphide and the insolubility 
of the cupric sulphide in dilute sulphuric acid (1 :5). Before 
the cadmium sulphide and the copper sulphide are precipi- 
tated by hydrogen sulphide the solution is acidified with 
hydrochloric acid, care being taken to avoid a large excess 
of the acid, because such excess prevents the precipitation of 
the cadmium sulphide. The precipitation of the cadmium 
sulphide can be assured by sufficiently diluting the filtrate 
and treating again with hydrogen sulphide. The alternative 
method for the separation of copper and cadmium needs no 
special comment further than to emphasize precautions in 
regard to the use of the very poisonous potassium cyanide. 

Separation of the Members of Division B. 

The filtrate obtained after the treatment of the sulphide 
of this group with ammonium polysulphide contains the 
sulpho-salts of arsenic, antimony, and tin in the higher con- 
dition of valence, and when these salts are decomposed by 
hydrochloric acid the' higher sulphides are obtained. The 
formation of a precipitate when hydrochloric acid is added 
to acidity does not prove the presence of members of this 
division, because separation of a yellowish white precipitate 
of sulphur always takes place when ammonium polysulphide 
is acted upon by an acid. It is important to avoid an excess 
of hydrochloric acid over the amount necessary to acidify the 
solution, because of its solvent action upon stannic sulphide 
and antimonic sulphide. The color of the precipitate at this 
point gives some indication of the sulphides present, orange 
indicating antimonic sulphide, yellow arsenic sulphide or 
stannic sulphide, and brown traces of members of Division A 
(e.g., cupric sulphide), present by reason of some slight 
action of ammonium polysulphide upon the sulphides of 
Division A. 
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•' > - 

: ' r . The separation of arsenic from antimony and tin depends 

upon the action of hydrochloric acid upon antimonic sul- 
phide and stannic sulphide, soluble chlorides being formed. 
The hydrochloric acid is warmed, not boiled, because boiling 
hydrochloric #cid tends to cause loss of. arsenic by formation 
of the volatile trichloride. The hydrogen sulphide is passed 
again before filtering, to reprecipitate any arsenic sulphide 
which may have dissolved. If the hydrochloric acid is not 
more dilute than 1 : 1 by volume, hydrogen sulphide will not 
reprecipitate the stannic sulphide and antimonic sulphide, and 
cold acid solutions of this strength may be filtered on good 
filter-paper. The hydrochloric acid (1:1) is first used rather 
than water in washing the arsenic sulphide to avoid the pre- 
cipitation of sulphides of antimony and tin. The thoroii^i 
washing of the arsenic sulphide with water beforev^acting 
upon it with nitric acid preparatory to the test with silver 
nitrate is important, because of the interfering action of 
hydrochloric acid in any test involving the use of a soluble 
silver salt. The oxidation with nitric acid involves a long 
and thorough boiling, for upon the complete oxidation of 
arsenic sulphide to arsenic acid depends the satisfactory 
character of the silver nitrate and molybdate tests. 

In the alternative test for arsenic with the Marsh apparatus 
the poisonous nature of the arsenic hydride should be borne 
in mind, and the test made under a good draught-hood. 
It is also important to remember that the air must be ex- 
pelled from the apparatus before attempting to ignite the 
hydrogen. As arsenic is often an impurity in zinc, a blank 
test should be made on the metal used before employing it 
in the final test for arsenic. In (b) of the alternative test the 
necessity of the complete oxidation to arsenic acid should 
be borne in mind, and also the fact that the precipitation of 
ammonium-magnesium arsenate is started by rubbing the 
sides of the test-tube with a glass rod. 
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The separation of antimony and tin depends upon the 
fact that oxalic acid will prevent the precipitation of stannic 
sulphide by hydrogen sulphide, while antimonic sulphide is 
precipitated. If cupric sulphide was acted upon by am- 
monium polysulphide, it will appear with the antimonic 
sulphide as a dark coloration, and may be separated from it 
by sodium sulphide, which dissolves the antimonic sulphide. 

In the test for tin the solution - of stannic chloride is 
treated with zinc and hydrochloric acid to reduce the tin to 
the stannous condition. The action is continued until the 
metal disappears, in order to secure the solution of tin de- 
posited upon the zinc in the course of the action. The test 
with the mercuric chloride should be made promptly upon 
the disappearance of the metal, in order that reoxidation of 
the stannous salt may not take place. 

Important Reactions. 

HgCl 2 + H 2 S = HgS + 2HC1. 

HgS + 20 2 + 2HC1 = H2SO4 + HgCl 2 * 

3HgCl 2 + 2SnCl 2 - Hg 2 Cl 2 + Hg + 2SnCl 4 . 

Pb(N0 3 ) 2 + HzS = PbS + 2HN0 3 . 

PbS+2HN03=Pb(N0 3 )2+*H2S. 

Pb(N0 3 ) 2 + HzSO* = PbS0 4 + 2HN0 3 . 

PbS0 4 + 2NH 4 C 2 H 3 2 =Pb(C 2 H 3 2 ) 2 + (NHO^O* 

2BiCl 3 +3H 2 S=Bi 2 S 3 +6HCl. 

Bi2S 3 + 6HN0 3 - 2Bi(N0 3 ) 3 + 3H2S. 

2Bi(N0 3 ) 3 + 3H2SO* - Bi 2 (S0 4 ) 3 + 6HN0 3 . 

Bi 2 (S0 4 ) 3 + 6NH 4 OH - 2Bi0(0H) + 3(NH 4 ) 2 S0 4 + 2H 2 0. 

BiO(OH) + 3HC1 - BiCl 3 4- 2H 2 0. 

BiCl 3 + H 2 - BiOCl + 2HC1 . 



•TypicaL 



& 



«r 
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!-CuS+2HCl. 

:>a-Cu(NO s ) 2 + H,S. 

HaS04-CuS0, + 2HN0 3 . 

H.OH - CuS0,.4NH 3 . H 2 0» + 3HjO. 

i)a+KjFeCeN,-Cu,FoC^I,+4Ket:'i 

i-CdS+2H01. 
3a-.Cd(N0,)„+HjS. 
H a SO,-CdS0 1 +2HN0 3 . 
U-CdSO.+HjS. 

SHaS-tejO+AsjS,. 

JH,) 2 S+S]-2(NH,),AsS,+S 2 .t 

3, + 6HC.-3H 2 S+AsjS s + 6NH,a 

a + 8H 2 - 2H,AsO< +5H 2 SO,. 

AgNOj+SNI^OH-AgjAsO.+SHsO+aNHaNOs. 

■gCl 2 +NH 1 Cl+3NH,OH 

-HgHH i AsO,+3H 2 0+3NH.Cl. 
H-4H 2 + AsH s . 
i 2 -6H 2 0+As. 
Cl-3NaCl+As 2 O s . 

[^-SbjSj + eHOl. 

NH 1 ) 2 S + S]-2(NH < )»SbS 1 +S s . 

3, + 6HCI-6NH,Cl + Sb 2 S,+3H 2 S. 

Cl-2SbCl.+5H 2 S. 

!-SnS+2HCl. 

) 2 S+S-(NH,) 2 SnS 3 . 

,+2HCl-2NH,Cl + H 2 S+SnS 2 . 

l-SnCl,+2H 2 S. 

-ZnCl 2 + SnCl 2 . 

;Cl 2 -SnCl. + Hg 2 Ci 2 . 

I. t Forming a soluble higher ammonium pol jaulphide. 
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CHARACTERISTIC REACTIONS OF BASIC IONS. 

Gbotjp m. 



Typical 

Com- 
pound. 


Al(\ 


CrCl, 


FeC\ 


Reagent. 


P. white A10,H r 
Sol. in excess as 
NaA10 r Reprecip- 
itated by NH 4 CL 


P. green CrO,H r 
Sol. in excess. 
Reprecipitated on 
boiling. 


P. reddish brown 
FeO,H r 

Insol. in excess. 


NaOR 


NHfiB. 


P. white AIO.H,,. 
Slightly sol. in excess. 
Ammonium salts 
tend to increase in- 
solubility. 


P. green CrOjHa. 
Slightly sol. in excess 
to solution of pink- 
ish color. Tends to 
precipitate on boil- 
ing. 


P. reddish brown 
FeO,H r Insol. in 
excess. 


Na 2 CO t 

or 

(NH t )fiO, 


P. white, basic salt 
essentially A10 8 H r 
Slightly sol. in ex- 
cess. 


P. green basic salt 
essentially CrOgH,. 
Somewhat sol. in ex- 
cess. 


P. reddish brown 
basic salt essentially 
FeOJti,. 


— not more 
than 4%. 


P. on boiling, white 
basic acetate approx- 
imating more or less 
to A10 a H 8 . 


P. on boiling, green 
basic acetate. Pre- 
cipitates best in pres- 
ence of basic ferric 
acetate. 


P. on boiling, red- 
dish brown basic 
acetate. 


(NH 4 )£ 


P. white A10 8 H 8 . 


P. green CrO s H 8 . 


P. black FeS. 
Sol. in acids to 
ferrous salts. 


Bfi 




• 


Reduction to FeCl, 
with separation of 
sulphur. 
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lRACTERISTIC REACTIONS OF B 

Group III [Concluded). 



Al(\ 


CrO, 


Jed, 


UPO, (normal) or 

( form less acid 

H^l(PO,), 

:ol. inHCI. 
" NaOH. 


P. green. 

CrPO, (normal} or 

of form less acid 

"h.CtIPO,!, 

Sol. inHCI. 
Decomposed by 
NaOH. 


P. yellowish white, 
FePO, (normal) 
or of form leas acid 

H^efPO.J,. 
SoL in HO. 
Decomposed by 
NaOH. 






Brown or dark- 
en*") color. 


*. white or none at 
1L 




P. dark blue 
Fc.FeX 18 N w 

InaoL in H CI. 
Decomposed by 
NaOH. 




Forma yellow Holn- 
die chromate or 
chromioacid. 








Blood-red color. 
FeS,(\N„ most 
delicate with HCL 




f Yellowish green, 

Ihot. 

'. Emerald -green, 

[cold, 

[Yellowish green, 

(hot, 

i Emerald-green, 

I cold. 






\ Yellow, oold. 

/Green, hot. 
\ Green, cold. 
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SEPARATION AND IDENTIFICATION OP BASIC IONS OF 

GROUP III. 

The solution containing members of this group should be tested for the 
presence of ferric salts before the regular analysis of the group is begun. 
Take a few drops of the solution to be tested, dilute with water, add HC1, 
divide, and make the following tests : 

(a) Add K^FeCoN..— Blue P. or coloration Fe 4 Fe,C 18 N 18 indicates Fe 111 . 

* (b) Add KSCN. — Red coloration FeS,C,N a Indicates Fe™ 



A. Hydroxide Method. 

Add NH 4 OH to alkaline reaction and boil until the odor of ammonia is 
faint, filter and wash. 



Precipitate (1).— Hydroxides of Al 9 Cr, Fe. Dissolve in Filtrate (1). 
strong HNO, (as little as possible), add cautiously a few Reject, 
crystals of KC10 3 , and boil. The color indicates the degree 
of oxidation of the chromium, if much is present. Dilute, 
add NaOH in excess, and filter. 



Precipitate (2).— Reddish FiUrate (2).— Divide. (1) Acidify with 

FeOaHy [The presence or HCl,add NH 4 OH to faint alkalinity, and boil; 
absence of the iron is deter- or add NH 4 C1 in quantity sufficient to destroy 
mined in the tests described the excess of NaOH, and boil until the odor of 
above.] NH, is faint. P. white, flocky AKXH, indi- 

cates AL (2) Acidify with HCAo. and 
add Pb(C 2 H 8 O a ) 2 . P. yellow PbCr0 4 indi- 
cates Cr. 



* This test should be made in the absence of nitrogen oxides. 
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B. Basic Acbtatb Mbthod. 
Neutralize the cold solution by (NHACO, to incipient precip 
the precipitate ia not red in color, dissolve in dilute HC1, add fer 
until the red ferric hydroxide falls when (NH 4 ) a CO, ia added. Re 

firecipiUte in the least possible amount of HC1. Add an excess of 
perhaps 2 gnu.), dilute abundantly, and boil. Filter hot, and 



hotw 



J_ 



Precipitate (1).— Basic acetates of Al, Cr, Fe. 
(o) Treat according to the Hydroxide Method, 

Precipitate (1). 
(b) Or dissolve the precipitate in HC1, add NaOH 

in excess, and filter. 



r 



j 

Filtrate (2).— Divide. (1) Test for j 
Hydroxide Method, Filtrate (2). (2) A 
Na-O, until there ia no further change 
yellow, add PbfCjHjO,), in solution an 
to acidity. P. yellow PbCtO, indicate, 

TABULAR VIEW OF GROUP III' 





A. 


B. 


v 


Treatment 
with NH.OH 
and boiling. 

P<1) 


Treatment 

of P (l)with 

HN0. + KC10. 

and NaOH 

P(2)°F%) 


Treatment 

(NH,)C I H,0 1 
and boiling. 
P(l) 


T 

ot: 

HCl 

Pi 


Aid, 
FeCI, 

CrCI, 


Al(OH), 
Fe(OH| a 
Cr(OH), 


NaAlO, 
Fe(OH) 3 

NajCrO, 


•At(OH) 

(C,H,0.,), 
•Fe(OH) 

(C a H,0,)j 
•Cr(OH) 

(CjH.OjJj 


Fei 
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COMMENTARY UPON GROUP III. 

The solution containing members of this group is tested 
first for the presence of iron. In making these tests it is 
well to bear in mind their extreme delicacy, and to use small 
amounts of the solution. Nitric acid and oxides of nitrogen 
must be absent when the sulphocyanide test is made, on 
account of their interfering action. The presence of a small 
amount of hydrochloric acid increases the delicacy of these 
tests. 

A. In the separation of this group by ammonium hydrox- 
ide the solution is boiled to remove the excess of ammonium 
hydroxide, because of the slight solvent action of that reagent 
in excess upon the hydroxides of aluminium and chromium. 

In the oxidation process potassium chlorate is added cau- 
tiously to prevent explosive decomposition of large amounts 
of chloric acid. The oxidation of the chromium is indicated 
by the change from green to yellow or red, unless the amount 
of iron salt present is large enough so that its color masks 
the chromium colors. 

The sodium hydroxide is added in excess not only to 
insure the complete separation of the ferric hydroxide, but 
to redissolve the aluminium hydroxide first formed, and to 
form the soluble sodium aluminate. 

In the first test for aluminium the hydrochloric acid must 
be used to acid reaction to change the aluminate to aluminium 
chloride, and after the addition of ammonium hydroxide to 
alkalinity the solution must be boiled to remove any large 
excess of that reagent. In the second test for aluminium it 
is important to remember that a considerable amount of 
ammonium chloride is generally necessary to destroy the 
excess of sodium hydroxide, according to the equation 
NH4Cl+NaOH=NaCl+NH 3 +H 2 0. For this reason the 
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addition of ammonium chloride and the boiling should be 
continued until but slight odor of ammonia is apparent. 

In the test for chromium care must be taken to have the 
solution acid with acetic acid before the addition of the lead 
salt, so that lead hydroxide may not be precipitated. 

B. The alternative or acetate process requires more 
time in the manipulation, but has the advantage of over- 
coming any tendency of the basic ions of following groups to 
form insoluble hydroxides, thus accomplishing a more satis- 
factory separation of this group from the groups that follow. 
Moreover, if phosphates are present the phosphoric acid ion 
is removed as ferric phosphate, which is insoluble, while under 
the conditions of the acetate precipitation in the presence of 
acetic acid, phosphates of the basic ions of the following 
groups do not appear. 

The solution is neutralized to incipient precipitation with 
ammonium carbonate to remove excess of the more active 
acids. The addition of ferric chloride until red ferric hydrox- 
ide falls when ammonium carbonate is added, is to insure the 
presence of enough of the ferric ion to combine with the 
phosphoric acid ion if present, and to assist in the precipita- 
tion of the basic acetates, as the basic acetates of aluminium 
and chromium form more readily if ferric acetate is formed 
at the same time. The ammonium acetate used must be 
made as nearly neutral as possible, since excess of ammonium 
hydroxide would precipitate hydroxides instead of basic 
acetates, and great excess of acetic acid would prevent the 
partial hydrolysis of the acetates, that is, the formation of 
basic acetates. 

Care must be taken to avoid the use of an excess of hydro- 
chloric acid in redissolving the hydroxides, because upon the 
addition of the acetate acetic acid is formed, and this, if 
considerable in amount, is disadvantageous, as has been 
shown. The water is added in large volume (e.g., 300-400 
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cm. 3 ) and the solution boiled, because large dilution and 
high temperature are most favorable conditions to the hydrol- • 
ysis of the acetates with formation of the insoluble basic 
acetates. The basic acetates are filtered hot and washed 
with hot water to prevent the reversion of the partial hydrol- 
ysis and the conversion of the basic acetates to soluble salts. 
Sodium chromite, formed -by the action of sodium hydroxide 
upon chromic hydroxide, is oxidized to sodium chromate by 
hydrogen peroxide or sodium peroxide. 

Should phosphoric acid be present with this group it may 
appear as white lead phosphate when lead acetate is added 
to the solution containing the chromate. This white precipi- 
tate does not however mask the yellow color of the chromate. 

Important Reactions. 

4FeCl 3 + 3K 4 FeC 6 N 6 = Fe 4 (FeC6N 6 ) 3 + 12KC1. 
FeCl 3 +3KSCN =Fe(SCN) 3 +3KC1. 
FeCla + 3NH 4 OH = Fe(OH) 3 + 3NH 4 C1. 
Fe(N0 3 ) 3 + 3NaOH = Fe(OH) 3 + 3NaN0 3 . 
FeCl 3 + 3NH 4 C 2 H 3 2 = Fe(C 2 H 3 2 ) 3 + 3NH 4 C1. 
Fe(C 2 H 3 2 ) 3 ■+ H 2 = Fe(OH)(C 2 H 3 2 ) 2 + HC 2 H 3 2 . 

A1C1 3 + 3NH 4 OH = Al(OH) 3 + 3NH 4 C1. 
A1(N0 3 ) 3 +4NaOH =3NaN0 3 +NaA10 2 +2H 2 0. 
NaA10 2 +4HC1 = A1C1 3 +NaCl +2H 2 0. 
NaA10 2 + NH4CI + H 2 = NaCl + NH 3 + Al(OH) 3 . 
A1C1 3 + 3NH 4 C 2 H 3 2 = A1(C 2 H 3 2 ) 3 + 3NH 4 C1. 
A1(C 2 H 3 2 ) 3 + H 2 - Al(OH)(C2H 3 2 ) 2 + HC 2 H 3 2 . 

CrCl 3 + 3NH4OH = Cr(OH) 3 + 3NH 4 C1. 

2Cr (OH) 3 + 3 (from HN0 3 + KC10 3 ) = 2H2Cr0 4 + H 2 0. 

H 2 Cr0 4 + 2NaOH = Na 2 Cr0 4 + 2H 2 0. 

Na 2 Cr0 4 +Pb(C 2 H 3 2 ) 2 =PbCr0 4 +2NaC 2 H 3 2 . 

CrCl 3 + 4NaOH = 3NaCl + NaCr0 2 + 2H 2 0. 

2NaCr0 2 + 3Na 2 2 + H 2 = 2Na 2 Cr0 4 + 2NaOH. 
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CHARACTERISTIC REACTIONS 

Group 



Typical 
Com- 
pound. 


Fe&t 


Co<\ 


Reagent. 


P. white Fe0 2 H r Oxidizes 
rapidly becoming greenish 
and finally reddish brown. 
FeO s H 3 is the final product. 
InsoL in excess. Pure un- 
oxidized Fe0 2 H 2 is sol. in 
NH 4 C1 and acids. 


P. blue, basic salt (on boiling 
pink) Co0 2 H r Oxidizes be- 
coming brownish. CoO s H 8 is 
the final product. InsoL in 
excess. Pure Co0 2 H 2 is soL in 
NH 4 C1, NH 4 OH and in acids. 


NaOK 


NHfiR 


P. white Fe0 2 H 2 rapidly be- 
coming green. In presence of 
NH 4 d is not precipitated but 
the solution oxidizes and 
throws down reddish brown 
FeO,H„. 


P. basic salt. SoL in excess 
to reddish solution. In pres- 
ence of NH 4 C1 not thrown down. 

* 


NafiO z 


P. white FeCO, slightly sol. in 
NH 4 CL Oxidizes rapidly. 


P. pink CoCO. (basic). SoL in 
NH 4 Q and NH 4 OH. 




(NH^CO, 


P. white FeCO r Sol. in ex- 
cess. Oxidizes rapidly. 


P. pink CoCO, (basic). SoL in 
excess. 


{NH 4 )£ 


P. black FeS. Sol. in Ha. 
Sol. in HC 2 H 3 2 . Oxidizes 
easily. 


P. black CoS. InsoL in very 
dil. Ha. InsoL in HC 2 H 8 O r 
SoL in aqua regia. 
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OF BASIC IONS. 
IV. 



NiC^ 


JfnCl, 


ZiiCl, 


P. apple-green NIO s H r 
Oxidizes becoming 
brown. NiO s H 8 is the 
final product. Insol. in 
excess. Pure NiO.H. 
soL in NH CI, NH 4 OH 
and in acids. 


P. white MnO a H r 
Oxidizes becoming 
brown. Mn 2 4 H, is the 
final product. Oxidized 
to HMnO, by PbO a + 
HNO r Insol. in excess. 
SoL in NH 4 C1 and in acids. 


P. white ZnO,H r 
SoL in excess. 
" NH 4 OH. 

ct nhcl 

44 acids. 


P. apple-green NiOjHj. 
Sol. in excess to bluish 
solution. In presence of 
NH 4 C1 not thrown down. 

» 


P. partial, white MnO a H r 
SoL in NH.C1. In pres- 
ence of NH 4 C1, dark- 
brown product of oxida- 
tion. 


P. white ZnO,H~ 
SoL in excess. In pres- 
ence of NH 4 C1 not thrown 
down. 


P. green NiCO, (basic). 
SoL in NH 4 a and NH 4 OH. 


P. nearly white MnCO r 
Slightly sol. in NH 4 C1 
but excess of precipitant 
tends to prevent solution. 


P. white Z11CO3 (basic). 
SoL in NH 4 CL 

" NH.OH. 

" NaOH. 


P. green NiCO a (basic). 
Sol. in excess. 


P. nearly white MnCOj. 
Insol. in excess. 
Slightly soL in presence 
of NH 4 a. 


P. white ZnC0 8 (basic). 
SoL in excess. 


P. black NiS. Insol. in 
very dil. HC1. Insol. in 
HC^HgOy SoL in aqua 
regia. 


P. flesh-colored* MnS. 
Sol. in Ha. SoL in 
HCjH 8 0> Oxidizes 
easily. 


P. white ZnS. 
Sol. in HCL 
Insol. in HC 2 H,0> 



* Sometimes greenish or gray, 
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CHARACTERISTIC REACTIONS 



/«q, 


Cod, 


ilinarily in acid solution 

P. In HC,H,0, in pres- 
x of an alkali acetate. 
nmplete P. FeS. In nentral 
ut.ion of gaits of common 
ds, no P. 01 very little. 


Ordinarily in acid solution 
no P. In very dil. HC.H.O, 
in presence of an alkali 
acetate, P.CoS. In neutral 
solution of aalta of common 
acids, partial P. 


bluish white K,Fe,C,N, or 

:,FeCgN«> changing to blue. 
10L in HO. 


P. green, becoming blue 
Co,FeC.N r InsoLinBCL 


dark blue Fe,Fe,C„N, r 
sol. in HCI. [Decomposed 
alkali hydroiides.] 


P. dark brown Co,Fe,C„N, 
Insol. in HCI. InsoL in 
NH.OH 


„ f red, hot. 
*' i yellow, cold. 
i. J green, hot. 
\ green, cold. 


"■ {as 


aqae, dark or dirty. 


Opaque, dark or dirty 
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OF BASIC IONS. 
IV (Concluded). 



NiCl, 


Mn<\ 


ZnCl, 


Ordinarily in acid solu- 
tion no P. In very diL 
HC 2 H30 2 in presence of 
an alkali acetate P. 
NiS. In neutral solution 
of salts of common acids 
partial P. 


In acid solution no P. 
even in dilute HC 2 H 8 2 
in presence of an alkali 
acetate. In neutral solu- 
tion of salts of common 
acids little or no P. 


Ordinarily in acid solu- 
tion (except HC 3 H s O a ) 
no P. In HC 2 H,02, 
P. ZnS. In neutral 
solution of salts of com- 
mon acids partial P. 


P. greenish white 
Ni 2 FeC 6 N 6 . Insol. in 
HCl. 


P. nearly white 
Mn 2 FeC<,N 8 . Sol. in 
HCl. 


P. white Zn 2 FeC«N«. 
Somewhat sol. in HCL 


P. yellowish green 
Ni 3 Fe 2 C, 2 N 12 . Insol. in 
HCl. Sol in NH 4 OBL 


P. brown Mn,Fe 2 C la N la . 

Insol. in HCL 


P. yellowish brown 
Zn.FeXuN*. Sol. in 
H& 


n t? /violet. 
u *' 1 red-brown. 
x> p / gray and turbid. 
* \ gray and turbid. 


OF / violet-red. 

1 amethystine. 
t> pi / colorless. 
* * \ colorless. 


q p, /colorless. 

\ colorless. 
t> p, f colorless. 

\ colorless. 


Opaque, dark or dirty. 


Opaque, characteristic 
green. 


Opaque, white. 
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SEPARATION AND IDENTIFICATION OF 



(b) Add K.FeCgN,— Blue P. or coloration 

(c) Add KSCN— Red coloration (in the 
an in the ferrous condition having been indicated in the 
a is all in tbe ferric condition. Nov separate the iron from 



ui been separated, add NH.C1 and NH.OH 



Precipitate (1). 

CoS, NIS, ZnS, MnS. 

Acidify with HC,H,0, and filter. 



Residue 



M2). 
CoS, NiS, ZnS. 

water, dissolve in the least possible 
gia, boil, cool, odd NaOH in excess, 



(OH), 

t according to 
'obaltiiii trite Methods, 
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BASIC IONS OF GROUP IV. 

with water, add HC1, divide, and test as follows: 

FejFe a C 12 N 12 indicates FtP. 

Fe 4 Fe 8 C 18 N 18 indicates fe™, 
absence of oxides of nitrogen) FeS 8 C.N 8 indicates FeP*. 

preliminary tests, treat tine remainder of the solution with a little HN0 3 , the 
other members of this group by the Hydroxide Method or Basic AcetateMethod 

to alkalinity, if necessary. Warm, pass HjS to complete precipitation, and 



Filtrate (1). 
Reject. 



Filtrate (2). 

MnfGAO,),. 

Add NH 4 OH in faint excess and pass HjS. 



Precipitate (4). Filtrate (4). 

P. flesh-colored MnS indicates Mn. Confirm Reject. 

(1) by the bead of NaJC0 8 +KN0 8 . Robin's-egg 
blue. (2) ByPb0 2 andHN0 8 . (Boil with HN0 8 , 
add Pb0 2 , warm, and allow to settle. ) Purple oolor. 



Filtrate (3). 
Add HCjHjOj in faint excess, and divide. (1 ) Pass 
H,S. P. white ZnS indicates Zn.f (2) AddK 4 FeC N«. 
P. white Zn 2 FeC e N 6 indicates Zn. 



fore, again with HC1, add NaOH in excess to recover dissolved cobalt, 
with a drop of 0o(NO 8 ) 2 on Pt. foil. Green ash indicates Zn. 
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COMMENTARY UPON GROUP IV. 

Iron in the ferrous condition, Fe 11 , falls naturally in this 
group. Inasmuch, however, as ferrous salts change to the 
ferric condition when exposed to the action of air, a ferrous 
salt is ordinarily associated with some ferric salt. For this 
reason, and to facilitate the separation as well, it is best in 
beginning the analysis of Group IV first to test for the pres- 
ence of iron, then to convert to the ferric condition all iron 
present in the ferrous condition, and finally to remove the 
iron by the hydroxide method or the basic acetate method of 
Group III, before proceeding further with the analysis of the 
group. 

The members of Group IV give insoluble sulphides with 
hydrogen sulphide in ammoniacal solution. Before adding 
ammonium- hydroxide care is taken to insure a sufficient 
amount of ammonium salt to prevent the precipitation of 
the hydroxides. 

The color of the precipitate may give some indication of 
the members present. Cobalt sulphide and nickel sulphide 
are black, zinc sulphide is white, and manganese sulphide is 
generally pink. 

The sulphides should be completely precipitated before 
acetic acid is added, because nickel sulphide and cobalt sul- 
phide are often not completely thrown down in the presence 
of that acid, although when once precipitated they are un- 
affected by it. After the addition of acetic acid to dissolve 
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inganese sulphide, the residue should be washed with 
;en sulphide water to prevent its oxidation to soluble 
tes. When the filtrate from the acetic acid treatment 
e alkaline with ammonium hydroxide there is generally 
i hydrogen sulphide present to cause a partial precipi- 

of the manganese sulphide. It can be completely 
1 down by the addition of more hydrogen sulphide. 
j color of the manganese sulphide depends upon the 
ions under which the precipitation was made. It is 
lly pink, but may be greenish or gray. The presence 
nganese is easily confirmed by the sodium carbonate 
test, should the color of the sulphide give doubtful 
iion. 

e mixed sulphides of cobalt, nickel, and zinc are de- 
sed by aqua regia, and the solution of the chlorides 
ormed is treated with sodium hydroxide in excess, 
again, as in the previous group, care must be taken in 
; the hydroxide to the strongly acid solution. 

the separation of the zinc from the cobalt and nickel 
Is upon the formation of a sodium zincate by excess 
ium hydroxide upon the zinc hydroxide first formed, a 
•nt excess of the hydroxide must be present or zinc 
; left with the cobalt and nickel. Too great an excess 

sodium hydroxide is shown by the formation of a solu- 
le cobalt compound. 

the detection of zinc by ferrocyanide the complete 
position of the zincate by neutralization of the free 
with acetic acid is important, on account of the decom- 
; action of sodium hydroxide upon the ferrocyanides. 
hould be observed in the addition of potassium ferro- 
le, so that the solution may not become yellow and 
je the white zinc ferrocyanide. In the confirmation of 
ic sulphide by the cobalt nitrate test it is important to 
very dilute solution of the nitrate, on account of the 
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dark color which a large excess of cobaltic oxide gives to the 
ash, and which masks the green color. 

The residue left after the removal of the zinc by the 
excess of sodium hydroxide contains cobalt and nickel hydrox- 
ides. This precipitate may be divided, the greater part being 
treated by the first method, A, and the remainder by the 
alternative method, B, for the separation of cobalt and nickel. 

A. The cobalt may be detected by the borax bead if the 
amount of nickel present is not so much in excess of the 
cobalt as to mask the blue color of the bead. Should this, 
however, be the case, the precipitate of the mixed hydroxides 
of cobalt and nickel is dissolved in the smallest possible 
amount of dilute hydrochloric acid, the free hydrochloric 
acid destroyed by the addition of sodium carbonate to incipi- 
ent precipitation, and the solution cleared by the careful 
addition of acetic acid. By this method the more active hydro- 
chloric acid is replaced by the less active acetic acid, which 
is less likely to decompose the potassium cobaltinitrite to 
be formed. The volume of the liquid is kept small, because 
when it is large potassium cobaltinitrite is appreciably soluble. 
An excess of the potassium nitrite is necessary, not only for 
the formation of the complex salt but also for the oxidation 
of the cobalt to the cobaltic condition. Potassium nitrite 
often contains from its manufacture some excess of free 
alkali. Care must therefore be taken to have the solution 
acid with acetic acid before setting aside for the complete 
precipitation of the double salt, lest nickel hydroxide be 
precipitated with the cobalt salt. 

B. In the alternative or ferricyanide method, the addi- 
tion of the aluminium salt is to aid in the filtration of the 
cobalt ferricyanide, which otherwise is filtered with difficulty 
on account of its finely divided character. The presence of 
the gelatinous aluminium hydroxide makes the retention of 
the cobalt salt on the filter easily possible. The potassium 
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ferricyanide is best added in solid form, because of the desir- 
ability of keeping the volume of the liquid small. Special 
care should be taken to insure an excess of the potassium 
ferricyanide, both to bring about a complete precipitation of 
the cobalt and nickel ferricyanides, and to effect the oxida- 
tion of the nickel later. The ammonium hydroxide should be 
added slowly, with agitation of the liquid, because of the 
possibility of some solvent action upon the cobalt salt. 
Should the filtrate from the treatment with ammonium 
hydroxide have a reddish tinge, indicating such a solvent 
action, it should be acidified with acetic acid, and the process 
of separation repeated. 

The test for nickel by this process is so delicate that 0.1 
mg. may be found in 5 cm. 3 of the ammoniacal filtrate. As 
the oxidation takes place best in concentrated solution, the 
potassium hydroxide is added in solid form. 



Important Reactions. 

CoCl 2 + H 2 S + 2NH4OH = CoS + 2NH4CI + 2H 2 0. 
CoS + 20 2 + 2HC1 - C0CI2 + H2SO4. 
C0CI2 + 2NaOH = Co(OH) 2 + 2NaCl. 

2Co(C2H302)2+2KN0 2 +4HC 2 H 3 02=2Co(C2H302)3 

+ 2KC2H3O2 + 2H 2 + 2NO. 
Co(C 2 H 3 2 )3 +6KNO2 +xH 2 - Co(N0 2 )3.3KN0 2 -xH 2 

+3KC 2 H 3 2 . 
3Co(C2H302)2+2K 3 FeC6N 6 = Co3(FeC 6 N 6 )2+6KC2H302. 

NiCl 2 + H 2 S + 2NH4OH - NiS + 2NH4CI + 2H 2 0. 
NiS + 20 2 + 2HC1 - NiCl 2 +#H 2 $04 . 
NiCl 2 + NaOH = Ni(OH) 2 + 2NaCl. 
3Ni(C2H302)2+2K 3 FeC 6 N 6 =Ni3(FeC6N6)2+6KC2H302. 
Hi(OH) 2 + KOH + KsFeCeNe = Ni(OH) 3 + I^eCeNe. 
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Mna 2 +H2S+2NH40H=MnS+2H 2 0+2NH 4 a 

MnS+2HC 2 H302=Mn(C2H 3 02)2 +2H2S. 

MnS + 2Na 2 C0 3 + 30 2 - Na2Mn0 4 + Na^C^ + 2CO a . 

f 2MnS + 8HNO3 - 2MnS0 4 + 4N 2 3 + 4H 2 0. 

1 2MnS0 4 +5Pb02+6HN0 8 =2HMn0 4 +2PbS0 4 

+3Pb(N0 3 )2+2H 2 0. 

ZnCl 2 + HsS + 2NH 4 0H - ZnS + 2H 2 + 2*111*01. 

ZnS + 20 2 + 2HC1 - Zna 2 + H2S0 4 . 

ZnCl 2 + 4NaOH - Na2Zn0 2 + 2NaCl + 2H 2 0. 

Na2Zn0 2 + 4BC 2 H 3 2 - 2NaC2H 3 2 + Zn(CiiH 3 2 ) 2 + 2H 2 0. 

Zn(C 2 H 3 2 )2 +HaS - ZnS+HC 2 H 3 2 . 

2Zn(C 2 H 3 2 ) j +K4FeC6N a - ZaffltCJtk 



t 



1 
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IRACTERISTIC REACTIONS OP BASIC IONS. 

Group V. 



At(NO ( ), 


»(NOJ, 


Ca(NO,), 


■rhibe BaO,H„ 

y in concentrated 
itiona. Sol in 
la. 


P. white SrOJi* 
on! j in concentrated 

solutions. Sol. in 


P. white CaOjMj, 
sparingly sol. SoL in 








vhite BaCO r 
in acids. 


P. white SrCO r 
Sol. in acids. 


P. white CftCO r 

SoL in acids. 


siiite 8aCO r 
in acids. 


P. white SrCO- 
Sot. in acids. - 


P. white CaCO r 

SoL in acids. 


shite BaC.O,. 
in HC1. Slightly 
in HC I H,O r 


P. white SrC-Oj. 
SoLinHCL Slightly 
ioL in HCjHjO^. 


P. white CaC s O.. 
SoL in HCL Almost 
insoL in HC.H^O,. 


rtute BaSO,. 

oL in acids except 
centrated H,80 4 . 


P. white SrSOy 
Very little soL in 
H,0 or dilute acids. 


P. white CaSO, in 

concentrated solu- 
tions. Sparingly soL 
in H,0, especially on 
boiling. 
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CHARACTERISTIC REACTIONS OF BASIC IONS. 

Group V {Concluded). 



Typical 
Com- 
pound. 


lfc(NO,) 2 


Sr(NO,), 


Ca(NO,) 2 


Reagent. 


P. yellow BaCr0 4 . 
Insol. in dilute 
HCjHgC^ when an 
excess of K 2 Cr0 4 has 
been used. 


SoL except in con- 
centrated solution. 




JT 2 Cr0 4 




N a2 HV0 4 


P. white HBaP0 4 . 
Practically insol. 


P. white HSrP0 4 . 
Practically insol. 


P. white HCaP0 4 . 
Practically insol. 


tfa 2 HP0 4 
NHfiK 


P. white Ba a (P0 4 )2. 
Sol. in acids. Some- 
what sol. in NH 4 C1. 


P. white Sr a (P0 4 ) r 
SoL in acids. Some- 
what soL in NH 4 C1. 


P. white Ca 3 (POJ r 
Sol. in acids. Some- 
what sol. in NH 4 C1. 


Dehydra- 
tion in 
amyl 
alcohol. 


P. white Ba(NO;)2. 


P. white Sr(N0 8 ) r 


No deposit or very 
little appearing as a 
slight spot which on 
ignition and re treat- 
ment dissolves. 


Flame test. 


Yellow-green. 


Crimson. 


Orange-red. 


Spectro- 
scope 
test. 


Spectrum complex. 
Characteristic, — 
4 green lines. 


Specta 
Chara 

« 


rum complex, 
cteristic, — 
' 2 red lines. 
1 orange line. 
. 1 blue line. 


Spectrum complex. 
Characteristic, — 

f 1 green line. 

\ 1 orange line. 
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1 



IJ.— Yellow BflCrO, indicates Ba. 



Precipitate (3).— SrCOi, CaCO,. Wagh carefully, dio- 
solve (not more than 0.2 arm. ) in HNO^ evaporate nearly 
to dryness, add 5 cm.' of amyl alcohol, dehydrate thor 
ouahly by boiling until the temperature rises to the normal 
boiling- point of the alcohol, or until escaping fumes burn 
with a dense flame at die mouth of the tube, taking care that 
'ease below " 



the volume of the alcohol shall not d 
If no residue U left, St is absent. If a deposit forma, it in- 
dicates St or a trace of Ca. Filter the liquid through a 
small dry filter. 

Residue (4). — If the indication is doubtful rinse the 
ube and adherent deposit with 5 cm.' of absolute ethyl 
IcohoL Ignite the residue gently, redissolve in a drop of 
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BASIC IONS OF GROUP V. 

reaction, and (NH 4 ) 2 CO r Boil a few minutes, taking care to replace the 



Filtrate (1). 
Reject. 



Filtrate (2).— Make alkaline with NH 4 OH, add (NH 4 ),0O„ heat 
to boiling, and filter. 



Filtrate (3J. 
Reject 



Filtrate (4). — Add an equal volume of ethyl alcohol 
and a little dilute H^30 4 . Faint cloudiness settling on long 
standing may be due to Sr, but a floating, flocky, CaSO^ 
indicates Co, 



\ « * « . 
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TABULAR VIEW OF GROUP V. 



^ 



Treatment with 
(NH,^CO,aDd 

boiling. 
P(l> F(l) 



SaCO, 
SrCO, 



BaCrO, 

CatC.H.O,), 



Treatment of 
F (2) with 
(NH,),CO r 

P(3) 



Treatment of 
P (3) with 
HNO, and 
C.HnOH. 

R (4) F (41 



^^^^™^pp 



REACTIONS AND METHODS, 65 



COMMENTARY UPON GROUP V. 

The solution containing members of this group is made 
alkaline with ammonium hydroxide, to prevent the possi- 
bility of setting free carbon dioxide and forming soluble acid 
carbonates upon addition of the ammonium carbonate, and 
to inhibit the dissociation of the excess of ammonium car- 
bonate on boiling. 

The carbonates are dissolved in acetic acid rather than 
in a more active acid, because in a moderate amount of that 
acid the barium chromate is not decomposed. In precipi- 
tating the barium chromate the solution should not be too 
concentrated, on account of the danger of precipitating some 
strontium chromate also. The carbonates of strontium and 
calcium, after reprecipitation, must be very thoroughly 
washed to remove all traces of soluble salts. The special 
reason for this precaution is that these alkali salts become 
insoluble in the amyl alcohol to be used in testing for the 
strontium. 

The carbonates of strontium and calcium should be de- 
composed in the very smallest possible amount of dilute 
nitric acid; indeed, if the amount of the carbonates is large, 
it would be advantageous to leave some undissolved, in order 
to avoid the presence of any excess of nitric acid, which 
tends to decompose the alcohol on evaporation. Should an 
excess of nitric acid be present with the nitrates, it must be 
removed as fully as possible by evaporation before adding 
the alcohol. In the separation of strontium from calcium, 
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amyl alcohol is preferred to absolute ethyl alcohol or to 
a mixture of absolute ethyl alcohol and ether, because its 
boiling-point, 128°-130°, is so high that dehydration may be 
brought about by boiling. The difficult problem of com- 
pletely drying the nitrates before treatment is thus avoided. 

The ignition of the fumes of the alcohol is recommended, 
in order to avoid their disagreeable odor and to prevent large 
amounts of the heavy vapor from collecting about the tube 
and igniting suddenly. Then, too, the point at which the 
complete dehydration of the salts has taken place can be 
fairly well determined by noticing when the fumes burn 
quietly, the burning being intermittent so long as water- 
vapor is mixed with the fumes. Not more than 0.2 grm. of 
the nitrates should be present, because that is about the 
limit of the solubility of calcium nitrate in 5 cm. 3 of amyl 
alcohol. In the process of dehydration one must use care to 
keep the volume from decreasing below 5 cm. B , on account 
of the resulting separation of the calcium nitrate from lack 
of solvent. 

If the conditions stated have been carefully observed, a 
distinct separation of salt on dehydration indicates the 
presence of strontium. If the deposit should be very slight, 
so as to make the test seem doubtful, it would be well to 
pour off the alcohol, rinse this deposit with absolute ethyl 
alcohol, ignite it in the tube, dissolve in a drop of dilute 
nitric acid, and repeat the process of dehydration. It has 
sometimes been found that such slight deposits as described 
result when no strontium is present. This is probably due to 
the formation either of a calcium salt of some organic acid 
or of basic calcium nitrate. In any case it is always pos- 
sible to get it into solution by the treatment described. The 
use of the dry filter in separating the strontium deposit is to 
avoid the solvent action of water upon such particles of the 
strontium nitrate as may come in contact with the paper. 
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Such solvent action would, of course, vitiate the test for 
calcium to be made upon the filtrate. 

The addition of the ethyl alcohol to the amyl alcohol 
filtrate is to obtain a liquid with which the dilute sulphuric 
acid will mix freely. The extremely slight solubility of 
strontium in amyl alcohol (5 cm. 3 of the alcohol will dissolve 
about 0.3 mg. of strontium nitrate) is frequently the occasion 
of the formation of a slight, finely granular precipitate of 
strontium sulphate in the filtrate from the alcohol treatment 
when the sulphuric acid is added. The calcium sulphate, 
however, precipitated under these conditions, takes on a 
flocky form, and generally floats in the alcoholic solution, 
and is thus distinguished from strontium sulphate. A con- 
siderable precipitation is, of course, conclusive evidence of 
the presence of calcium. In case of doubt, the application 
of the spectroscope to the detection of strontium and calcium 
is always helpful. 

Important Reactions. 

BaCl 2 + (NH 4 ) 2 C0 3 - BaC0 3 + 2NH 4 C1. 

BaC0 3 + 2HC 2 H 3 2 = Ba(C 2 H 3 2 ) 2 + H 2 + C0 2 . 

BaCC^Oa) 2 + K 2 Cr0 4 = BaCr0 4 + 2KC 2 H 3 2 . 

SrCl 2 + (NH 4 ) 2 C0 3 - SrC0 3 + 2NH 4 C1. 

SrC0 3 + 2HC 2 H 3 2 = Sr (C 2 H 3 2 ) 2 + C0 2 + H 2 0. 

SrC0 3 +2HN0 3 =Sr(N0 3 ) 2 +C0 2 +H 2 0. 

CaCl 2 + (NH 4 ) 2 C0 3 - CaC0 3 + 2NH 4 C1. 
CaC0 3 + 2HC 2 H 3 2 = Ca(C 2 H 3 2 ) 2 + C0 2 + H 2 0. 
CaC0 3 + 2HN0 3 = Ca(N0 3 ) 2 + C0 2 + H 2 0. 
Ca(N0 3 ) 2 + H 2 S0 4 - CaS0 4 + 2HN0 3 . 
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CHARACTERISTIC REACTIONS 





MgO, 


Nad 


Lid 


iH 


P. white MgO,H, 

Sol. in acids. 
Sol. in NH 4 a 








P. white MgO,H, 
partial only. 








P. white xMgCO,. 
yMgO,H r 




P. white LiXO, 

in cold concen- 
trated solution. 




P. white HMgPO, 
with NH.OH. 
NH.MgPO, crya- 
talline. 




P. white LI.PO, 
sparingly soL 
NH, salts prevent 
precipitation ex- 
cept on boiling. 




P. white crystalline 
NH.MgAsO, 






' 












Yellow. 


Red. 






Yellow line. 


tannine line- 



REACTIONS AND METHODS. 



69 



OF BASIC IONS. 
VL 



JTC1 


NH 4 Cl 


Typical Compound. 




Free NH a on boiling. 


Reagent. 




JTOH or NaOR 






NHflK 




Free NH, on boiling. 


NafiOt 






Na,H¥Ot 






KHJlbO. 
+ NH 4 OK 


P. yellow K 3 Co(N0 2 )<,. 
InsoL in dilute acetic acid. 


P.yeUow(NH 4 ) 3 Co(N0 2 ) c 
Insol. in dilute acetic acid. 


Na^m,),, 


Violet 




Flame 


Bed line. 




Spectrum 
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1 



eiiHu nw 11 niiua pa pur, (timing lb ujub, uiuiuaw j» a... 

the remainder of the solution add NH,OH to alkalinity and an 

L ' 



xipilatt ( 1 ). 

'at. NM.MkAsO, indicates Mg. 



Precipitate {'2). 
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BASIC IONS OF GROUP VL 

add solid Ca(OH), and warm. Odor of ammonia and action of the fumes 

ammoniacal solution of (NH 4 ) a As0 4 cautiously, to complete precipitation, and 



FiUrcUe (1). 
Acidify with Ha, add HJSO„ boil out ezoess of SO, 
and pass HjS. 



~ 1 

Filtrate (2). 
Evaporate to dryness. Ignite to remove NH 4 salts, dissolve 
in a few drops of water and a drop of dilute HO, and filter if 
necessary. Divide. 

(a) Add Na 2 C0 8 to alkalinity, HC,H,0, to acidity, and 
Na,Co(N0 3 ). and warm. Yellow K,Co(NO a ) fl indicates K. 

(b) Evaporate to a few drops and test before the spectroscope. 

Yellow line indicates No. 
Bed line indicates K. 
Crimson line indicates Li, 



TABULAR VIEW OF GROUP VL 



Typical Salts. 


Treatment with 
NH 4 OH+ (NHJ.AsO^ 


Treatment in Ha 
with H^SO, and H£. 


a? 

Naa 

ua 


NH 4 MgAs0 4 

Ka 

Naa 

iia 

(NHJ,As0 4 


Ka 

Naa 

Lia 
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OMMENTARY UPON GROUP VI. 

or ammonium salts is made at the beginning of 

■>f this group, because ammonium salts are used 

>nts. 

;atment with calcium hydroxide it is important 

spattering of the solution upon the litmus paper, 

i turn the red paper blue. Moistened litmus 

! sensitive than dry. 

>rtant that solutions in which the magnesium is 

tated be made ammoniacal, but not too strongly 

and warmed in order to secure a crystalline 
he precipitated ammonium-magnesium arsenate. 
le to avoid unnecessary excess of the arsenate, • 
nic must be removed by hydrogen sulphide 
; for the alkali elements. 

te from the magnesium arsenate is acidified and 
sulphur dioxide to reduce the arsenic to the 
idition, in which it is more readily precipitated 
ie than in the higher condition of oxidation, 
onium salts are removed before the potassium 
test for potassium is made, because these 

insoluble ammonium cobaltinitrite similar to 
n salt. The presence of the a mm onium salts 
;re also with the spectroscopic test, since they 

the Same and protect the alkali salts from dis- 
he flame. 
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Before making the spectroscopic tests it is advantageous 
to concentrate the solutions to be tested. 



Important Reactions. 

2NH 4 C1 + Ca(OH) 2 = CaCl 2 + 2H 2 + 2NH 3 . 
MgCl 2 + (NH 4 ) 3 As0 4 - 2NH4CI + MgiraUAsO* 
3KC 2 H 3 2 +Co(N0 2 )3.3NaN0 2 

- Co(N0 2 )3.3KNO2 + 3NaC 2 H 3 2 . 
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GROUP SEPARATIONS IN 

a email portion of the original solution for the presence and con* 
ipVL 
■boat 10 am.' of the solution to be analyzed add a few drops of 



Precipitate (1 ), Group L 
Wash with dilute HC1, and proceed as indicated in 
the treatment of Precipitate (I) in the analysis of 
Group I. 



Precipitate (2), Group II. 
Proceed as indicated in the treatment of 
Precipitate (1) in the analysis of Group IX 
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THE BASIC ANALYSIS. 

dition of oxidation of Fe as directed under Group IV, and for NH 4 as directed 

dilute Ha. 



Filtrate (1), Groups H-VI. 
Dilute to about 100 cm. 8 If precipitation takes 
place on dilution add HCl to clear the solution. Warm, 
pass HjS to complete precipitation. 



Filtrate (2), Groups III- VI. 
Boil to expel H^S. Divide, (a) Take about 10 cm. 1 ; evap- 
orate to dryness and desiccate at 110° C. Of the residue ignite a 
small portion — carbonization indicating carbonizing organic mat- 
ter. Treat the remainder with a little HCl and then -with hot 
water and filter. 

. i ..... 



Residue. Filtrate. 

Test in a bead of Add BaCl 2 to complete precipitation and fil- 

NaP0 8 . An insoluble ter. Add NaJC0 3 in distinct excess to the nitrate 
residue indicates SiO,. and filter. To the filtrate now obtained add 

HC 2 H 3 2 in slight excess and then CaCl^. P. 
white CaC 3 4 indicates C 2 4 . 
(b) Treat the remainder of Filtrate (2) according to the indications of (a): 

_L If carbonizing organic matter or oxalic II. If neither carbonizing 

acid has been indicated, evaporated to dryness, organic matter nor oxalic 

fuse with NH 4 NOjp treat the residue with dilute acid has been indicated warm 

HCl (and if silica has been indicated evaporate with HNO a to oxidize Fe n 

to dryness and desiccate at 110° C. and extract previously reduced by HjS. 

again with dilute HCl), and filter if there is any If solution is not complete, 

residue. filter. 

- i 

1 

Residue (1). — Wash, fuse with Na 2 C0 3 in platinum, extract Filtrate (2) 
with water, filter. (Continued 



Residue (2). — Wash, dissolve in 
HCl, and test for members of Group V. 



Filtrate. — Reject. on p, 77\* 



TUB BASIC ANALYSIS. 



pitate (i). CoS, NtS, ZnS 



Precipitate (5). MnS. 
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Filtrate (2) (Continued). 
After the removal of Residue (1) by filtration, divide the filtrate, (a) To 
a small portion add NH 4 C1, if not already present in sufficient amount, NH 4 OH 
in faint excess, and boil. P. is Al3 ? Yi v CrO.Hp Fe0 3 H s , or phosphates of 
Groups III, IV, or V. (b) If no precipitate was found by NH 4 OH, pass at once 
to Group IV. If a precipitate was found by NH.OH, take care to insure the 
sufficient presence of NBLCL Neutralize the cold solution by (NH 4 ) a C0 8 to 
incipient precipitation. If the precipitate is not red in color, redissolve in 
dilute HC1, add ferric chloride until the red ferric hydrate falls when (■NHJ.CO, 
is added. Redissolve the precipitate in the least possible amount of HC1. 
Add an excess of NH 4 C 2 H 3 2 (perhaps 2 grm. ), dilute abundantly, and boil 
Filter hot, and wash with hot water. 



! Filtrate (3), Groups IV- VI. 



Add NH 4 C1 if necessary. Add NH 4 OH to alkaline 
reaction, and pass H^3. Croup TV is now insoluble, 
with Croups V and VI in solution. Acidify with 
HCjHgOa and filter. 



Filtrate (4), Groups V, VI, besides Mn. 
Add NH 4 OH and pass H^S. 



Filtrate (5), Croups V, VL 

Acidify with HC1, concentrate to 5 cm. 8 Add about 5 cm. 1 of 
aqua regia and evaporate to dryness to remove excess of (NHL) 
salts. Dissolve in water and a little dilute HC1. Add NH,CL 
NH 4 OH, and (NH 4 ) 2 CO a and boil. Filter and wash. 



I 
Filtrate (6), Group VL Proceed as indicated in the 

treatment of Group VL 



?o~~ 



78 



THE BASIC ANALYSIS. 



4» 

a 



„ O 

M 






fa 
fa 



*00f *> ^OWO^ON t)-X 



9* 

< oS 

E 

z 






S 



§ 
o 



43 

a 

lis* 



+5* 



9S 



e 
fa 

Ah 



E 00* JO VtfO "ON TO-X 



q c w o 



XX 






« 



o 

H 

fa 
fa 
GQ 



o 
A3 
o 

fa 
o 

fa 



8 .td 



fa 

Ah 



'OWO^^OKlO-X 



>fo>p£* 



PQgqO 






c 



i 



pf-a § S 1 3 

" o .2 cd _ © 



o 

oq 



• l-t • (-« 

§5 



fa 

fa 



*O 8 H''0' io *ON'10 = X 






■f tf **& 



CJZ N 



PQ 



ft© 



43 

|°.s 

§ a * 

■*! 

M c3 



M 



5 

3 
© 



M 5 



w 



CO 

fa 



g^8^8. 



'OTTO 
*> '"ON 'D = X 



govs s 3 a** a £5 






fa 



E 55 
ooo 

<otu 



•2 • 



0^ 

fa 

fa 









Q«E 03 OU< </)</) 



t/3 



© o 
sw 



fa 



*fa 

<Ea 



* (ffa 5 S -5 S dl ^ * iS a B a ^ 4 * *5 sST5 



X 



t-l 
o 



tied 1 




REACTIONS AND METHODS. 79 



COMMENTARY UPON GROUP SEPARATIONS IN THE 

BASIC ANALYSIS. 

In considering the basic analysis with reference to the 
possible presence of members of all the groups, certain special 
points in the group separations require consideration. 

Preliminary Tests. — Preliminary tests are made for the 
presence and condition of iron salts and the presence of 
ammonium salts. 

The iron tests are made upon the original solution, because 
that element changes its condition of oxidation from time 
to time during the course of the analysis. If iron is present 
originally in the ferrous condition, exposure to the oxygen of 
the air causes partial or even complete change to the ferric 
condition. This change is also readily brought about by the 
presence or addition of oxidizing agents, such as nitric acid, 
chlorine, etc. If the iron is originally in the ferric condition, 
hydrogen sulphide or other reducing agents will convert it 
to the ferrous condition. 

Ammonium salts are tested for in the original solution, 
because the addition of ammonium hydroxide, chloride, car- 
bonate, and acetate during the analysis makes later testing 
valueless. 

Group I. — The addition of hydrochloric acid for the pre- 
cipitation of the chlorides of Group I should be made with 
care to avoid unnecessary excess of the acid. A large excess 
of the acid not only may have a solvent action upon the 
chlorides precipitated, but tends later to prevent the com- 
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plete precipitation of certain of the sulphides of Group II, 
especially cadmium sulphide. The oxychlorides of bismuth 
and antimony are sometimes precipitated when hydrochloric 
acid is added to a solution of the salts of those elements. If 
precipitated they will dissolve in excess of the acid. Some 
chlorides are insoluble in strong hydrochloric acid (e.g., 
sodium chloride, potassium chloride, barium chloride), and 
will separate if strong hydrochloric acid is added in the 
separation of Group I. Such precipitation may be avoided 
by the use of dilute hydrochloric acid, or by working with 
dilute solutions. 

After the separation of the chlorides of Group I by filtra- 
tion, the first washing of the precipitate should be made 
with dilute hydrochloric acid, because of the possibility of 
leaving on the filter insoluble basic chlorides of antimony 
and bismuth, formed when water acts upon the soluble chlo- 
rides of those elements. If, upon addition of water to the 
filtrate from Group I, a precipitate separates, such separation 
is probably due to the formation of the above-mentioned 
insoluble basic salts. 

Group II. — Hydrogen sulphide, being a reducing agent, 
acts upon ferric salts to change them to the ferrous condi- 
tion, upon red chromic acid to form green chromic salts, and 
upon purple permanganic acid to form nearly colorless or 
pink manganous salts. All these processes of reduction are 
accompanied by corresponding oxidation of the hydrogen 
sulphide, with separation of sulphur and formation of sul- 
phuric acid. Some precipitation of sulphur and formation of 
sulphuric acid may be brought about by nitric acid if present 
in sufficient amount. Such formation of sulphuric acid in a 
solution containing members of Group V (barium, strontium, 
calcium) may result in the inconvenient precipitation of 
insoluble sulphates of this group. If nitric acid is known to 
be present in the solution, it should therefore be removed 
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so far as possible before the treatment with hydrogen sul- 
phide. The possibility of the formation of sulphuric acid, 
through oxidation of the hydrogen sulphide by the oxygen 
of the air or by oxidizing agents, makes it advisable to exam- 
ine, as indicated, for the members of Group V which may be 
present as sulphates, any insoluble material remaining after 
such oxidation may have taken place. As soon as the sul- 
phides of Group II have been completely precipitated by 
hydrogen sulphide and removed by filtration, the filtrate 
should be boiled until the hydrogen sulphide is completely 
removed, in order to prevent its oxidation to sulphuric acid 
on standing in the air. 

Group HI. — Before beginning the analysis of Group III 
it is necessary to test for certain kinds of organic matter 
which interfere with the group precipitation. Of such inter- 
fering organic substances, tartaric acid and citric acid and 
their salts, which char on heating to a carbonaceous residue, 
are common examples. Oxalic acid and oxalates are the only 
common substances of this sort which do not char on heating. 
The test must be made, therefore, for organic matter which 
chars on heating, and for oxalic acid' and oxalates, which do 
not char. In testing for organic matter by heating, it is 
important to distinguish between charring, or carbonization, 
and simple blackening, which may be due to the formation 
of some dark-colored oxide. In the test described for the 
oxalic ion the sodium carbonate should be added in distinct 
excess, to decompose the barium oxalate which tends to 
form when the solution is just neutralized; and in the final 
step of the test care should be taken to avoid a considerable 
excess of acetic acid, on account of its solvent action upon 
calcium oxalate. 

Silicates are often present as the result of the action of 
solutions upon glass vessels used during the analysis, and 
the silicic ion is to be tested for and removed before begin- 
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ning the analysis of Group III, because of the tendency of 
silicic acid to separate in a form resembling aluminium 
hydroxide when the tests for aluminium are being made. 
The removal of the silicic ion is effected by desiccating the 
residue left upon evaporating the solution after treatment 
with hydrochloric acid, the product being nearly anhydrous 
silicon dioxide. 

The test for members of Group III by ammonium hydrox- 
ide is valuable, because, should no precipitation take place 
with that reagent, the entire examination for this group may- 
be omitted. 

Group IV. — After the removal of the members of Group 
III by the acetate process, the amount of ammonium salt 
in the filtrate is sufficient without further addition to prevent 
the precipitation of the hydroxides of Group IV when am- 
monium hydroxide is added. 

Group V. — The filtrate from Group IV should not be 
allowed to stand, nor should nitric acid be added, without 
previous removal of hydrogen sulphide, on account of the 
possibility of the formation of sulphuric acid and the conse- 
quent precipitation of the, members of Group V as sulphates. 

The complete precipitation of the members of this group 
by ammonium carbonate may be materially interfered with 
by large amounts of ammonium salts accumulated in the 
previous analytical processes, such salts tending to reverse 
the reaction in which the insoluble carbonates are formed. 
In order to prevent this action of the large amount of am- 
monium salts, the filtrate from Group IV is evaporated to 
dryness with aqua regia, which decomposes the ammonium 
salts. 



PART III. 
THE ACIDIC ANALYSIS. 



REACTIONS AND METHODS. 

t 

The Acidic Analysis is that part of Qualitative Analysis 

which treats of the identification of the Negative or Acidic 

Ions. 
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IDENTIFICATION OF ACIDIC IONS OF 

GROUP I. 

[1] Acidify with HC1 a portion of the solution con- 
tained in a test-tube.* 

Evolution of Oas. — If gas is evolved, bring it in con- 
tact with lime-water contained in a mushroom trap 
resting upon the mouth of the test-tube. The precipi- 
tation of CaCO, indicates CO r [Odor of S0 2 indicates 
presence of SO, or S 2 O s to be tested for later. Sepa- 
ration of S indicates S 2 O r ] 

To the clear solution add Bad, in excess and 
filter. 




Mushroom Trap. 



Precipitate. 

BaS0 4 ,BaSiF 6 . Wash, dry, and 
divide. 

(1) Put a portion in a test-tube, 
add HjSOj, warm, and hold in the 
fumes a moistened rod. Deposition 
of white H 4 Si0 4 indicates 

SiFe. 

(2) Mix a portion with Na 2 C0 3 
and heat upon charcoal. Moisten the 
residue and apply it to a silver coin. 
A black stain of Ag 2 S indicates 

SO„ 



Filtrate. 

Neutralize with NH 4 OH. Pre- 
cipitation indicates the presence of 
one or more of the ions, 

f PO C 2 4 

(a) \Ab0 4 Si0 4 f 
[As0 8 

or, possibly, depending on conditions, 
one or more of the ions, 



(6) 



fBO,t 
CrO, 

CM 



so 



8 



§>°« 




No precipitation indicates the absence of the acids of (a). Special tests must 
be made individually for the acids of (b) in any event, and for those of (a) 
if a precipitate falls. 

[2] Unless arsenic is known to be absent, acidify the solution with HC1, 
warm, pass HjS until precipitation is complete, filter, and treat the filtrate 
according to (1) or (2). 

(1) Evaporate to dryness, add HNOj, evaporate again, extract with dilute 
HNOj, filter, add drop by drop to a solution of (NH 4 ).,M0 4 in HNO r P. yel- 
lowish (NH 4 ) 3 P0 4 . 1 1Mo03.6H 2 indicates P0 4 . 

(2) Evaporate to dryness, desiccate at 110° C, extract with dilute Hd, 
filter, add NH 4 OH in excess and magnesia mixture. P. white, crystalline 
NH 4 MgP0 4 indicates P0 4 . 

[3] Acidify the solution, add NH 4 OH in excess and magnesia mixture. 

* In testing for the acidic ions it is understood that sodium and potassium 
are the only basic ions present. 

t Si0 4 , the acidic ion of orthosilicic acid H 4 Si0 4 , is taken as the representa- 
tive of the many complex ions SiOg, Si0 4 , SijO^ Si a O n , etc. 

t B0 8 , the acidic ion of H3BO3, is here taken as the representative of the 
ions found in borates — B0 2 , BO3, B 4 7 , etc. 
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Filtrate. 

Acidify with HC1, warm, pass HjS. 
P. yellow AftjS, indicates 

AsO r 

Should the indication be doubtful, 
the precipitate may be tested for 
arsenic by the methods of the basic 



Precipitate. 

If P0 4 was not found in [21 P. 
white, crystalline, NH 4 MgAs0 4 in- 
dicates 

As0 4 . 

If P0 4 was found in [21 filter, 
wash with dilute NH 4 OH, drain on 
the filter, and add AgNO r * Red- 
dish brown color, AggAsO^, shown 
at once or on addition of a little 
HCj&jOj, indicates 

As0 4 . 

[4] Acidify the solution with HNOg, boil out CO,, make the solution 
faintly ammoniacal, add CaCl^ filter, acidify the filtrate with HCjHjO^ and 
add Pb(C 2 H 3 2 ) 2 - If a white precipitate forms (PbS0 4 ), treat it with a 
strong solution of XH 4 C^H 3 O r P. yellow PbCr0 4 indicates 

Cr0 4 . 

[5] Evaporate the solution to dryness, ignite strongly and dissolve in 
water, f Conduct the treatment by (1) or (2), according as chromium is or 
is not known to be present. 

(1) If chromium is known to be absent, acidify slightly with HC1, absorb 
in turmeric-paper, dry at 100° C, repeating the absorption and drying several 
times before giving up the attempt to secure a reaction. The formation of a 
pink coloration indicates probably BO r Touch the stain with a drop of a 
solution of Na a CO, or NH 4 OH. Change of color to black or dark green 
confirms B0 3 . 

(2) In case Cr0 4 is known to be present, acidify with HC1, add H^SO,, 

boil out the excess of S0 2 , neutralize with Na^COp filter, acidulate the filtrate 

slightly with HC1, and make the test with turmeric-paper as directed in 

(1). Pink coloration changed to black or dark green by Na^COj or NH 4 OH 

indicates 

B0 3 . 

[6] Acidify the solution with HC1, add Bad,, filter, pass H,S, filter, boil 
out ELjS, add Na 2 CO, in considerable excess, boil out all free NH3, taking care 
to have enough Na^CO, present to break up ammonium salts, filter, neutralize 
the filtrate carefully with HC1, boil out C0 2 , make just alkaline with NH 4 OH, 
add HCgHgC^ in distinct but not large excess, and then CaCl 2 , filter and wash. 

* If chromic acid is present, it may be necessary to dissolve the precipitate 
by magnesia mixture in HC1 and reprecipitate by NH 4 OH to remove all 
traces of chromate, which would also give a reddish color with AgNO,. 

f If it is known that a chlorate is not present, the evaporation and ignition 
may be omitted. 
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.Precipitate. 

CaR, CaC 3 4 . Divide. 

(1) Dissolve in HC1, reprecipitate 
by NH 4 OH, filter, wash, treat the 
precipitate with dilute HgSOj, heat 
to boiling, add drop by drop a solu- 
tion of KMn0 4 . Bleaching indicates 

c 2 o, 

(2) Dry, mix with an equal 
amount of an alkali silicate, add 
strong H 2 S0 4 , warm, test the fumes 
with a moistened rod. Deposition of 
white H 4 Si() 4 indicates 

F. 



Filtrate. 

Add more CaCL, make faintly 
alkaline with NH 4 OH, cool, shake, 
set aside for ten minutes. If a pre- 
cipitate forms, filter, wash, transfer 
the precipitate to a test-tube, digest 
in cold KOH, filter. Boil the filtrate. 
P. white, formed on boiling, dissolved 
again on cooling, indicates 

C 4 H 4 6 . 

Put the precipitate into a carefully 
cleaned test-tube, add a single drop of 
NH 4 OHand then a little AgNO r and 
warm. The formation of a silver 
mirror confirms 

C 4 H 4 6 . 



[7] To the solution add Zn(C s H s 1 ] l until precipitation ceases, filter, and 
wash. 



Precipitate. 

Treat with dilute HC1, warm gen- 
tly, and test the fumes with paper 
moistened with ¥h{CJS.£> 2 ) r The 
formation of brown or black PbS in- 
dicates 

S. 



Filtrate. 

Dilute, acidulate with HC 2 H 3 2 , 
add Bad, in excess and filter. 



Precipitate. 

BaSO* 

indicates 
S0 4 . 



Filtrate. 

Add iodine until 
color is permanent, 
add HQ and bleach 
with a few drops of 

SnCL. 

I 



Precipitate. 

BaS0 4 

indicates 
SO- 



Filtrate. 

Add bromine 
water until color 
is permanent, bleach 
with SnCljj. 



Precipitate. 
BaS0 4 indicates 

[8] Add dilute HC1 to the solution, evaporate to dryness. The formation 
of the characteristic hydrogel during the evaporation is indicative of Si0 4 and 
derivatives. 

(1) Fuse the residue in a bead of NaPO r Insolubility in fused bead 

indicates 

Si0 4 . 

(2) Dry, mix with an equal amount of a fluoride and treat as in [61 (2). 
Deposition of white H 4 Si0 4 indicates 

Si0 4 . 
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COMMENTARY UPON GROUP I. 

The acidic ions of this group may be subdivided into 
three classes: (1) those whose barium salts are not acted 
upon by hydrochloric acid — SO4 and SiF 6 ; (2) those whose 
barium salts are acted upon by hydrochloric acid, but are 
reprecipitated on neutralization of the hydrochloric acid by 
ammonium hydroxide — PO4, ASO4, ASO3, C2O4, CO3, Si04 *; 
(3) those whose barium salts are acted upon by hydrochloric 
acid and are not completely reprecipitated by ammonium 
hydroxide ,—B0 3 , Cr0 4 , C4H4O6, S0 3 , S 2 3 , F. 

[1] In testing for SiF 6 the barium precipitate should be 
thoroughly dried and placed in a dry test-tube, as the pres- 
ence of moisture either in the precipitate or on the tube will 
make the test upon the glass rod less delicate. 

[2] Before testing for PO4 hydrogen sulphide is passed 
into the solution for a sufficient length of time to insure the 
removal of As04, which with molybdic acid and magnesium 
mixture reacts similarly to PO4. After the treatment with 
hydrogen sulphide the evaporation with nitric acid is to 
remove hydrochloric acid and silica, and to oxidize organic 
matter and reducing agents which would interfere with the 
formation of the insoluble phospho-molybdate. In the 
second test for PO4 the desiccation at 110° C. is to remove 
any silica which may be present. 

[3] In this test the precipitate obtained with magnesium- 
chloride mixture should be carefully washed, because the 
presence of any Cr04 here would interfere with the test for 
ASO4 by yielding reddish brown AgAs04. 

[4] Nitric acid is chosen for the removal of carbonates 

* Typical. 
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rather than hydrochloric acid, because of the possible reduc- 
ing action of hydrochloric acid upon OO4. The carbon 
dioxide is boiled out to prevent the precipitation of lead 
carbonate on neutralization with ammonium hydroxide, and 
calcium chloride is added to remove C2O4 and C4H4O6, which, 
like OO4, give insoluble precipitates with lead acetate. 

[5] Chlorates and chromates if present must be removed 
to avoid their oxidizing action upon the turmeric dye .when 
acid is added. The chlorates are decomposed by heat, leav- 
ing chlorides. By the action of sulphurous acid chromic acid 
is reduced, and sodium carbonate precipitates the chromic 
hydroxide. 

[6] The addition of barium chloride in acid solution re- 
moves SO4 and SiFe, if present; hydrogen sulphide removes 
ASO3 and ASO4; and the excess of hydrogen sulphide is 
boiled out to avoid its oxidation to the sulphate, and also to 
avoid the possibility of the formation of silver sulphide when 
silver nitrate is added. Sodium carbonate is used to remove 
the excess of the barium salt, and ammonium salts are re- 
moved because of their tendency, when present in consider- 
able amount, to prevent the complete precipitation of fluorides 
and tartrates. The sodium carbonate should be added in 
considerable excess, not only to aid in the removal of the 
ammonium salts, but also to prevent the precipitation of 
barium salts of F, C2O4, and C4H4O6. The filtrate is acid- 
ulated with hydrochloric acid to decompose the excess of 
sodium carbonate, and the carbon dioxide is boiled out to 
prevent subsequent precipitation of calcium carbonate. 
Care is taken to avoid using a large excess of hydrochloric 
acid, because of the necessity of using a corresponding amount 
of ammonium hydroxide in making alkaline, a procedure 
which would result in the introduction of a considerable 
amount of ammonium salt. Acetic acid is used in moderate 
excess, because the calcium salts of F and C2O4 are not 
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wholly unacted upon by the acid if present in any consider- 
able amount. It is well to avoid the addition of a large 
excess of calcium chloride, because of the tendency of the 
calcium tartrate to form also under such conditions. The 
treatment of the calcium precipitate with hydrochloric acid 
and the reprecipitation by ammonium hydroxide is to elim- 
inate any calcium tartrate which may have been precipitated. 

In the mirror test for C4H4O6 the test-tube used must be 
very carefully cleaned. 

[7] Some indication of SO3 and S2O3 has already been 
given when the solution was acidified in test [1]. At this 
point the chief object is to furnish means for the detection of 
SO3 when present with S2O3. 

Zinc acetate is added to remove any S which may be 
present with the compounds of the ions of this group. The 
acidulation with acetic acid is to obtain the proper condi- 
tions for the precipitation of barium sulphate and for the 
prevention of the formation of barium sulphite and barium 
thiosulphate. Acetic acid is used rather than hydrochloric 
acid, because it is less apt to decompose the S2O3 into SO3 
and S. Barium chloride is added in excess in order to 
have enough of that reagent present to react with SO4 
formed by the addition of iodine and bromine. The iodine 
and bromine colors are bleached with stannous chloride, 
because the precipitated barium sulphate is more easily 
detected in the absence of these colors. 

[8] Careful desiccation is important in order to obtain the 
insoluble silica. The insoluble skeleton of silica is best 
observed while the bead is in a state of fusion. 

Certain acidic ions of Group I are mutually exclusive in 
an acidulated solution. Thus, the ions CrC>4 and ASO4 are 
oxidizers, while the ions ASO3, C2O4, C4H4O6, SO3, and 
S2O3 are reducers. The analysis of mixtures containing 
such ions requires special treatment. 
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OENTIFICATION OP THE ACIDIC IONS OF GROUP IL 

icidify the solution with dilute HNO, The odor of H^S indicates S 
pliide, and the odor of HON (tmell cautiously I) indicates GN. Add 
The formation of a precipitate indicates acidic ions of this group. 

White Ag,FeCN„ indicates FeC^N,. 

Orange AfeFcCtN. " Fetyj r 

White AgSCN 

White AgCN 

Black A&S 

Yellow Agl 

Pale yellow AgBr 

White AgCl 

White AgNO, 

absence of a precipitate indicates the absence of every member of 
ip excepting NO,, AgNO, being soluble in hot water and sparingly 
n cold water, 
'est individual portions of the solution as follows: 

icidify with Ha and add FeCl r (a) Blue FejFc,C 18 N lH indicates 

color, in absence of on iodide or nitrite, is Fe8,C,N p and indicates 

SCN. 
e indication is doubtful, owing to a mixture of the blue and red colors, 
1, which will bleach thered FeS,f^N, and bring out the blue Fe.Fe^CulV 
, is present. 
Icidify with HC1 and add FeSO,. Blue FetF*^C tt N u indicates 



cose the indication of (I) was doubtful as to SCN, acidify with 
;0,, add SnCl, (enough), and boil in a test-tube fitted with a mush- 
containing FeClp The formation of the red FeS I C t N l indicates 
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n m 

(4) In case neither FeC 6 N fl , nor ± eC ft N fl , nor SON has been indicated, acid a 

hi n 
mixture of FeCl 3 +FeS0 4 , and acidulate with Ha. Blue * Fe 4 Fe 8 C 18 N lf 

indicates 

CN. 

ii m 

In case either FeC ft N c , or FeC 6 N ft , or SCN has been indicated, neutralize 

exactly with HC1, add solid HNaCO., and distil. Add FeCl 3 +FeS0 4 to tha 

distillate, treat with NaOH in excess, and then acidify with HOI. Blue 

in n 

Fe 4 Fe 3 C 18 N 18 indicates 

CN. 

[3] Acidify faintly with acetic acid, add Zn(C 2 H 8 O s ) 2 until precipitation 
ceases, filter and wash. Treat a portion of the precipitate with dilute HC1, 
warm gently, and test the fumes with paper moistened with Pb(C 2 H 3 O a ) 2 . 
The formation of brown or black PbS indicates 

S. 

[This test is best made in connection with the tests of Group I, [7] J 

[4] If no cyanide or sulphide has been indicated, the solution is ready for 
treatment. If a cyanide (simple or complex) or a sulphide has been indicated, 
evaporate a portion of the solution to dryness, fuse the residue with Na 2 C0 3 
and enough KN0 3 to insure oxidation. Dissolve the fused mass in water. 
Divide the solution. 

(1) Acidify with HN0 3 and add AgNO a . 

A precipitate of yellow Agl indicates I. 

pale yellow AgBr indicates Br. 
white AgCl indicates CI. 
If no precipitation takes place the absence is proved of 

I, Br, and a. 

(2) In case any precipitation takes place in (1) acidify with HjSO^ add 
a drop or two of KN0 2 , and shake with CHC1 3 . The development of the 
violet color of iodine indicates 

I. 

(3) If I was not indicated in (2), acidify with dilute HgSOj, introduce 
CHd 3 , and add chlorine water carefully drop by drop while shaking. The 
development of the yellow or reddish yellow color of bromine indicates 

Br. 

* In case the iron salts are used in excess the color may be green (mixture 

of yellow and blue). The blue color becomes apparent upon filtering, 

in n , __ 

Fe 4 Fe 3 C 18 N 18 remaining upon the filter. 
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, (4) If I was indicated, in (2), acidify with H,S0 4 , add KNO, in solution, 
drop by drop, to the boiling mixture, until all iodine is set free and expelled. 
The failure of the escaping steam to develop a characteristic gray color upon 
red litmus paper is proof of the removal of the free iodine. Cool, introduce 
CHC1, and add chlorine water drop by drop while shaking. The develop- 
ment of the yellow or reddish yellow color of bromine indicates 

Br. 

(5) If neither I nor Br has been indicated the precipitate obtained in 
(1) must have been AgCl, indicative of 

a 

If I has been indicated in (2), treat with H,S0 4 , add KNO s gradually, 
and boil until all iodine is set free and expelled. The solution thus freed 
from iodine, or the original solution containing no iodide, is to be made alka- 
line with Na,C0 8 and evaporated to dryness in a test-tube. To the residue 
add dry KjCrfij or K a 00 4 and a little strong H^S0 4 . Heat gently and 
collect the fumes in a moistened trap. Wash out the trap with a very little 
water, add NH 4 OH in slight excess, warm gently, acidify with HC^HjO,, 
and add Pb(C 2 H 8 O a ) y If a white precipitate forms, add a little strong 
NH 4 C 3 H,O s . The formation of yellow PbCK) 4 indicates 
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COMMENTARY UPON GROUP II. 

Two of the acidic ions of this group, S and NO2, are best 
tested for under Groups I and III respectively. From the 
other members of the group, S is easily distinguished by the 
fact that it forms the only black silver salt in the group. 
The ion NO2 does not generally appear in this group, because 
its silver salt is fairly soluble in water, and is precipitated 
only in concentrated solutions. The other members of the 
group readily divide themselves into two classes: (1) the 
cyanogen ions, and (2) the halogen ions. 

Test [1] informs us in a general way of the presence or 
absence of members of this group. A white precipitate indi- 
cates Fe m (CN)6, I, or Br, with or without the acidic ions 
which give white silver salts. A black precipitate indicates 
S, with or without the other members of the group. No 
precipitate indicates the absence of the group with the pos- 
sible exception of NO2. 

In test [2] (1) and (2), the best results are obtained by 
using very dilute solutions. In (3) advantage is taken of 
the volatility of sulphocyanic acid in separating SCN from 
Fe n (CN) 6 and Fe m (CN) 6 . The stannous chloride is used 
to take up iodine and bromine possibly set free if bro- 
mides and iodides are present. In (4) the hydrocyanic acid 
is liberated by the carbonic acid formed from the acid 
sodium carbonate, and passes to the distillate. 

Test [3] has been discussed under Group I, [7]. 

In test [4] the cyanides and sulphides are removed, because 
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their ions and the halogen ions form insoluble silver salts 
under like conditions. In the fusion process the cyanides are 
converted to carbon dioxide and nitrogen, and the sulphides 
to sulphates. The iron is separated as the oxide and filtered 
off. In (4) the nitrous acid formed in the interaction of po- 
tassium nitrite and sulphuric acid liberates iodine which is 
removed by boiling. Care must be taken to add the nitrite 
gradually, and not to continue the addition after all of the 
iodine has been liberated. Though bromine may also be 
volatilized to some extent with the iodine, it is nevertheless 
true that the amount thus removed is proportionate to the 
amount originally present, and that enough is left to permit 
a correct inference as to the quantity originally present. 
In (5), after the removal of the iodine the solution is 
made alkaline with sodium carbonate to convert the volatile 
hydrochloric acid to sodium chloride, which will not volatilize 
on heating. The evaporation must be carried to dryness, 
because the formation of chlorochromic anhydride on addi- 
tion of sulphuric acid to potassium dichromate and sodium 
chloride can take place only in the absence of water. Special 
care should be observed to avoid spattering chromic acid into 
the trap, as this would vitiate the test. When the chloro- 
chromic anhydride is acted upon by water in the trap, it is 
hydrolyzed to hydrochloric acid and chromic acid. The 
ammonium hydroxide is added to neutralize free hydro- 
chloric acid and sulphuric acid, the presence of which might 
interfere with the precipitation of lead chromate; and acetic 
acid, which does not interfere with the precipitation, is used 
to neutralize the ammonia. The white precipitate of lead 
sulphate, which may form, is due to the presence of sulphuric 
acid in the trap. 



|5 
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IDENTIFICATION OF THE ACIDIC IONS OF GROUP m. 

[1] Add to a portion of the solution twice its volume of a saturated solu- 
tion of MnClj in the strongest HC1, and warm gently. The formation of & 
dark coloration (MnCl 4 or Mr^C^) is due to the presence of some oxidizing 
agent. The absence of the dark coloration proves the absence of oxidizing 
agents, and so of the acidic ions 

NO„ NO,, CIO, C10 r 

If a dark coloration appears proceed with tests [2], [31 [4], [51 Test [6] must 
be made in any case. 

[2] Dilute a portion of the solution abundantly, add a few drops of 
CjHJiNHj.HCrk and acidify. The production of a yellow color at once or 
after some time indicates 

NO,. 

[3] Acidify a portion of the solution with HJ30 4 , add KI in amount suffi- 
cient to break up a nitrite, if present, and boil out the NO evolved. Add 
NaOH, boil out all NH,, treat with Fe+Zn (1:3), and again boil. The 
evolution of NH 8 indicates 

NO,. 

If it has been shown in [2] that no nitrite is present the treatment with H 2 S0 4 
and KI may be omitted. 

[4] To a portion of the solution add a small globule of mercury and shake. 
Formation of yellowish brown HgO on the surface of the mercury indicates 

CIO. 

[5] If CIO was indicated add to another portion of the filtrate HN0 8 in 
slight excess, enough KI to decompose all hypochlorite present, KN0 2 suffi- 
cient to destroy the excess of KI, and boil out the iodine evolved. Add 
AgN0 3 , filter, treat with Na 2 CO, in slight excess, filter, evaporate to dryness, 
ignite, extract the residue with hot water, acidulate with HNO s , and add 
AgN0 3 . Precipitation of white AgCl indicates 

CIO,. 

If CIO was shown to be absent, the treatment with KI and KN0 3 is omitted 
and the test begun with the addition of AgNO r 

[6] (1) Acidify a small portion (5 cm.*) of the solution with dilute HgS0 4 
and heat to boiling. Cool, add a few cms. 3 of ethyl alcohol or amyl alcohol, 
and introduce cautiously a volume of strong HgSO^ equal to that of the rest 
of the liquid. Heat gently, then cool. The development of a characteristic 
ethereal odor of ethyl acetate or amyl acetate indicates 

C 2 HOj. 

(2) Acidify a portion of the solution with HC1, add FeCl 3 , and treat 
with NH 4 OH to exact neutrality. The formation of a deep-red solution 
suggests the presence of ferric acetate. Add HC1 to very slight acidity, 
dilute abundantly, and boil. The precipitation of reddish brown basic 
ferric acetate indicates 

C 8 H 8 2 . 

If both (1) and (2) give doubtful indications, on account of interfering com- 
plications, distil a portion of the solution and apply these tests to the dis- 
tillate. 
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COMMENTARY UPON GROUP in. 

The compounds of the acidic ions of Group III, with the 
exception of C2H3O2, are oxidizing agents. 

[1] The test with manganese chloride and hydrochloric 
acid indicates simply the presence or absence of oxidizing 
agents. If the dark coloration is obtained, the ions of this 
group which are oxidizing agents are to be tested for, as well 
as C2H3O2. If no dark coloration is obtained, the only 
member of the group possibly present is C2H3O2. 

[2] The abundant dilution of the solution before the addi- 
tion of the phen ylene diamine hydrochloride is advisable, 
on account of the extreme delicacy of the test. 

[3] The hydrogen formed in alkaline solution by the 
action of sodium hydroxide upon the iron and zinc couple 
reduces the NO3, if present, to ammonia; the formation of 
ammonia therefore indicates the presence of NO3. In order, 
however, that the test may be trustworthy, ammonium salts 
must be broken up and the ammonia removed before the 
reduction with hydrogen is begun. This is done by boiling 
with sodium hydroxide. Special care must be taken to avoid 
any spattering of the alkaline liquid upon the litmus-paper. 

[4] Mercuric oxide is best precipitated by the action of 
mercury upon salts of CIO, when the solution is neutral or 
alkaline and well shaken. 

[5] If CIO is present it must be removed, on account of 
its tendency to form CI and C10 3 . The nitric acid should be 
added in faint excess, on account of the possibility of the 
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oxidation of CIO to C10 3 , and because of its decomposing 
action upon potassium iodide. The potassium iodide must 
be added gradually, in order to avoid an unnecessary excess, 
which in turn would involve the use of a large amount of 
potassium nitrite to effect its removal. The silver nitrate is 
added to remove the I or CI which may be present, and the 
sodium carbonate to remove the silver nitrate. The ignition 
reduces CIO3 to CI. The solution is finally acidified with 
nitric acid to decompose any excess of sodium carbonate 
present. 

[6] (1) The preliminary treatment with sulphuric acid 
breaks up hypochlorites and nitrites, which would tend to 
mask the ethereal odors by evolution of chlorine and oxides 
of nitrogen. The development of the ethereal odors may 
require a little time; they become more distinct upon shaking 
the cooled solution. (2) As neutral solutions of ferric salts 
in general tend to separate basic salts on heating, the direc- 
tions should be followed closely. Faint acidity and abun- 
dant dilution are the best conditions under which to form 
the insoluble basic acetate. 
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THE COMPLETE ACIDIC ANALYSIS. 

The following procedure is to be used when solutions con- 
taining members of the different acidic groups are to be 
examined: 



[1] Acidify a portion of the solution with HCL 

Evolution of Gas. 

CO, indicates CO.. 
S0 2 " S0 8 . 
S0 2 +S " S 2 8 . 
NA " N0 2 . 
CI " CIO. 

HCN ' ' CN. 



[2] Acidify a portion of the solution with HC1, filter if necessary, and to 



the clear solution add BaCl 2 in excess. 



Precipitate. — Distinguish 

between S0 4 and SiF 6 as in 
Group I. 



Filtrate. — Neutralize) 
with NH 4 OH. 

I 



If a precipitate forms, 
distinguish between P0 4 , As0 4 , 



AsO„ 
Group I. 



C a 4 , 



SiO 



4» 



as in 



In any event test for 
BO„ Cr0 4 , C 4 H 4 0e, SO v 
S 3 0,, as in Group I. 



[3] Acidify another portion with HNO, and add AgNO r If a precipitate 
forms, proceed as in Group II, [1]. 

[4] To another portion add MnClj+2HCl as directed in Group III [1} 
If a coloration is produced, all the acidic ions of Group III are to be tested 
for. If no coloration appears, only CJIfi 2 is to be tested for. 



PART IV. 
THE SYSTEMATIC EXAMINATION. 



The detection separately of basic ions and acidic ions of 
soluble compounds has been discussed. The problem involv- 
ing the identification of elementary substances and their 
compounds, soluble and insoluble, with the detection of 
basic ions and acidic ions in the same compound, is now to 
be considered. This part of the work is naturally divided 
into 

(1) The Preliminary Testing, 

(2) The Preparation for Analysis, 

(3) The Analysis. (Already treated in Parts II and III.) 
In the practical examination of an unknown substance, 

the Preliminary Testing and the Preparation for Analysis 
naturally precede. 

The substances which fall within the range of our system- 
atic scheme of analysis are the commoner chemical elements 
and compounds, excluding for the most part the compounds 
of carbon, the analysis of which demands intimate knowledge 
of Organic Chemistry. The commoner compounds of carbon 
which are considered in this scheme are the carbon oxides and 
carbonates; oxalic acid and oxalates; acetic acid and ace- 
tates; tartaric acid and tartrates; hydrocyanic acid and the 
cyanides, simple and complex. For the systematic detection 
of the numerous compounds of carbon and the rarer elements 
reference must be made to special treatises. In Part V, 
however, are given directions for the elementary analysis of 
pure organic compounds, and characteristic reactions and 
special tests for the proximate determination of a few charac- 
teristic carbon compounds, 
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COMMENTARY UPON THE PRELIMINARY TESTING. 

While the Preliminary Testing should not be expected 
to give very certain or definite results, it is often helpful in 
directing the process of identification. 

I. Examination of physical properties. — The observation 
of the structure of the substance, its crystalline or non- 
crystalline character, its crystal form, its color and luster, 
is often useful. Metallic luster on a polished surface or 
crystal face is a general characteristic of metals and alloys. 
To be seen to the best advantage the substance should be 
spread out upon a white surface. 

II. Heating in closed tube. — Three kinds of phenomena 
are to be looked for in this treatment: (a) change of color, 
(6) evolution of volatile matter, and (c) formation of a sub- 
limate. It is important to test for volatile matter before 
continued heating expels it entirely. 

III. Addition of water in a test-tube. — The best results are 
obtained by gradual addition of the water and prompt testing 
of any gas that may be evolved. 

IV. Heating with sulphuric add. — Care should be ob- 
served not to heat the acid to its fuming-point, because the 
fumes would interfere seriously with Xhe detection of many 
volatile products. 

V. Heating on charcoal. — In (&), when treating with co- 
baltous nitrate, use a very dilute solution. If an excess of 
the reagent is used, the black cobaltic oxide formed obscures 
the colors. 
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VI. Heating tvith sodium carbonate on charcoal. — Have the 
substances thoroughly mixed with sodium carbonate and 
powdered charcoal. Tin, in particular, is not easily reduced 
to the metallic condition, but the reduction is best accom- 
plished by insuring an intimate mixture with the charcoal. 

VII. Borax beads. — The beads give best results when very 
small amounts of the material, in solid form, are used. 

VIII. Flame tests. — The graphite point is conveniently 
made by sharpening a lead-pencil to a large, flattened blade. 
It has the advantage over platinum that it cannot be injured 
by reducible substances, such as copper or arsenic com- 
pounds. Care should be taken to use a clean surface of the 
graphite for each test. Substances which do not adhere 
readily to the graphite may be made to do so by wetting the 
blade. 
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A. SOLIDS. 

Treatment with Water. 

Put about 0.2 grm. of the substance in a test-tube, add 
about 10 cm. 3 of water, and boil if necessary. If the sub- 
stance is soluble, proceed with the Analysis. For the basic 
ions, the solution may be analyzed at once according to the 
procedure of the Basic Analysis. In testing for the acidic 
ions the only basic ions which should, in general, be present 
are those of the alkali metals, sodium and potassium. If, 
therefore, the original substance is soluble in water and con- 
tains no organic matter (found in the Preliminary Testing or 
in the Basic Analysis) which may interfere in the precipita- 
tion of a base by an alkali carbonate, add sodium carbonate 
in excess and boil the liquid. If ammonium salts are present, 
the boiling is continued with suitable addition of the carbonate 
until all the ammonia is set free and volatilized; then filter. 
The filtrate free from everything which can interfere (ex- 
cepting As, Sb, and traces of other metallic ions) in testing 
for acidic ions, and conveniently designated the Prepared 
Solution, is treated in many individual portions by the 
methods of the Acidic Analysis. 

If the substance contains objectionable organic matter, 
it must be fused with Na2C03. The fused mass is treated 
with water, the liquid filtered, and the filtrate reserved for 
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individual tests for the acids. The fusion process, besides 
destroying objectionable organic matter, may change or de- 
stroy certain acidic ions (e.g., the ions of nitric, nitrous, oxalic, 
tartaric, sulphurous, thiosulphuric, chloric acids), and such 
acidic ions must be sought especially in the original sub- 
stance. Some peculiar combinations are also liable to change 
under the fusion process; such possible changes must be 
studied specially in each individual analysis. 

A comparison of the results of the Basic Analysis with 
the data of the Table of Solubilities on pp. 126, 127 may 
serve to shorten the processes of the Acidic Analysis by 
eliminating tests for certain acidic ions which form only 
insoluble compounds with the basic ions already discovered. 

If the substance is wholly or partly insoluble in water, 
decant the supernatant liquid from the insoluble material, 
filter, and evaporate a few drops. The formation of a residue 
indicates a substance, partly soluble in water. The water 
solution may be analyzed by the procedure just described; 
the insoluble material must be treated by the following 
process : 

Treatment with Acids. 

(a) Put 3 or 4 cm. 3 of dilute HC1 upon the material and 
boil, noting carefully any phenomena attending the solution 
of the substance, such as evolution of gas, change of color, etc. 
If the substance dissolves, dilute the solution and proceed as 
directed in the Basic Analysis, noting that the ions Ag and 
Hg 2 , which form insoluble chlorides, may not be present. 

(6) If the substance does not dissolve in dilute HC1, 
treat it with 3 or 4 cm. 3 of strong HC1 and boil. If com- 
plete solution is effected at once, or upon dilution with water, 
proceed as directed in the Basic Analysis. 

(c) If HC1 does not bring about solution, try the effect 
of 3 or 4 cm. 3 of HNO3 (evolution of red fumes denotes oxida- 
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tion). If solution is secured, with or without subsequent 
dilution with water, evaporate the excess of free HNO3 so 
far as possible, dilute sufficiently, and proceed as directed in 
the Basic Analysis. 

(d) If neither HC1 nor HNO3 effects solution by itself, try 
the action of aqua regia (three parts HC1 to one part HNO3). 
If solution is effected with or without addition of water, evap- 
orate the free acid so far as possible, dilute, and proceed as 
directed in the Basic Analysis. 

(e) If neither HC1 nor HNO3 nor aqua regia effects the 
complete solution of the substance, dilute sufficiently and 
separate the liquid from the insoluble residue. The liquid 
may be examined for material in solution, as directed in the 
Basic Analysis. The insoluble residue is to be handled ac- 
cording to the Special Treatment of Substances Insoluble in 
Water and Acids. 

Before the tests for the acidic ions are made, the basic 
Jons are to be removed as described under the Treatment with 
Water above; and it must be borne in mind that either HC1, 
HNO3, or a mixture of these acids was used in getting the 
substance into solution. If HC1 was used, the second group 
of acidic ions may perhaps be tested for by making a solution 
of the substance in HN0 3 ; if HNO3 was used, the third 
group may be tested for by dissolving as much as will dis- 
solve in HC1, and using the solution for the test. 

Here also reference to the Table of Solubilities is most 
useful. 
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Special Treatment of Substances Insoluble in Water and Acids. 

The commonly occurring substances insoluble in water 
and acids which we shall consider are: AgCl; AgBr; Agl; 
AgCN; Ag 4 FeC6N 6 ; AgaFeCaNe; PbS0 4 ; BaS0 4 ; SrS0 4 ; 
CaS0 4 ; A1 2 3 ; Cr 2 3 ; FeCr 2 4 ; CaF 2 ; S; C; Sn0 2 ; Sb 2 4 ; 
Si0 2 , and many silicates. These must be examined by 
special methods. 

Test the substance insoluble in acids in different 
portions : 

(a) Look for S as in the Preliminary Testing. (If the 
preliminary examination has been thoroughly made, the 
examination for S need not be repeated at this point.) 

(6) Look for C as in the Preliminary Testing. In gen- 
eral, C may be confirmed by noting the black color of the 
substance and its combustion in a current of air with forma- 
tion of C0 2 . 

(c) To test the substance for Sn and Sb present as insoluble 
oxides, the substance is to be fused in porcelain with three 
times its weight of Na 2 C03 intermixed thoroughly with an 
equal amount of sulphur. Water extracts from the fused 
mass Sn and Sb as sulpho-salts,.and from the solution the 
sulphides may be thrown down by HC1 and identified as 
usual. 

(d) Test for CN, Fe n C 6 N 6 , and Fe m C 6 N 6 in compounds 
insoluble in water and acid, by boiling with a strong solution 
of NaOH or KOH. Dilute, filter, acidify the filtrate with 
HC1, and test for the cyanides as directed in the Acidic 
Analysis. 

(e) Test for the halides of Ag by adding Zn and dilute 
H 2 S0 4 to the substance in a crucible and allowing to stand 
a few minutes. Filter, dissolve the residue in IINO3, and 
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test for Ag as directed in the Basic Analysis; test the filtrate 
for CI, Br, and I as directed in the Acidic Analysis. 

(/) Test for Pb and S0 4 in PbS0 4 by boiling with a con- 
centrated solution of NH4C2H3O2, filter, divide. 

(1) Add K 2 Cr0 4 — P. yellow PbCr0 4 indicates Pb. 

(2) Acidify with HC1, filter if necessary, add BaC^. 
Test precipitate for SO4 by action on silver coin (see Group I, 
Acidic Analysis). 

(g) If either S or C has been found, it must be removed 
by roasting. Then fuse the residue with four times its 
weight of a mixture of Na 2 C03 and K2CO3 taken in equal 
parts. Make the fusion on a thin iron sheet; continue to 
heat until all effervescence ceases; extract the mass remain- 
ing (well broken up) with boiling water, filter and wash, and 
examine the residue and filtrate separately. 



(a) Filtrate. 

Acidify with dilute HC1 and evap- 
orate to dryness. Desiccate the 
residue at a temperature not much 
exceeding that of boiling water 
(e.g., 110°), treat the dried residue 
with a few drops of strong HC1 and 
then with hot water, and filter. Test 
the residue for silica by the sodium- 
metaphosphate bead, or by mixing 
with a fluoride, treating with H,S0 4 , 
and bringing the fumes evolved into 
contact with a moistened rod. Test 
the filtrate for Al and Si. 



(b) Residue. 

Dissolve so far as possible in 
dilute HNO s , evaporate to dryness 
in porcelain, desiccate as in (a) to 
make the SiO, insoluble. Treat 
dried residue with a few drops of 
HN0 8 and then with hot water, filter, 
and test filtrate in the usual manner 
for Ag, Pb, Al, (Ca), Mg, and Si. 



(h) Fuse another portion of the substance with four times 
its weight of a mixture of Na 2 C03 and K2CO3 in equal parts, 
to which has been added an amount of KNO3 equal to that 
of the substance. If Pb or Ag has been found, this fusion is 
to be made in porcelain; if neither Pb nor Ag is present 
fusion may be safely and best made in platinum. Extract 
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the fused mass thoroughly with hot water and wash upon the 
filter. 



(li 



(a) Acidulate a portion 
of the filtrate with 
HCjHgOg, and test with 
PbfCftO,), for Cr, 
which is now present (if 
present at all) in the form 
of chromic acid. 

(b) Acidulate with HC1 
and test for the acidic 
ions of I and III, as 
directed in the Acidic 
Analysis. 

(c) Acidulate with 
HNO, and test for the 
acidic ions of Group II, 
as directed in the Acidic 
Analysis. 



(2J 

The portion of the 
fused mass insoluble in 
hot water is to be treated 
with dilute HC1, evapo- 
rated, and dried to remove 
the SiCL The solution 
obtained after separating 
the silica may be tested 
for Fe and other bases, 
except those present in 
porcelain. 

The alkali ions Na, K, 
and Li are to be tested 
for by method (;'). 



(31 

If fusion was made in 
platinum, Al may also 
be tested for both in the 
filtrate and in the residue 
after extraction with 
water. 



(i) To determine the condition of oxidation of the iron, 
the original substance must be dissolved out of contact with 
air. For this purpose the substance may generally be treated 
in a trapped flask with strong boiling HC1, or, in case of 
insoluble silicates, the substance may be dissolved (in a lead 
or platinum dish) in a mixture of sulphuric and hydrofluoric 
acids. In either case the condition of Fe may be recognized 
in the diluted solution by the usual tests. 

(j) Alkalies present in the insoluble silicates are best f ound 
by thoroughly mixing the finely pulverized substance with 
an equal amount of NH 4 C1 and eight times its weight of 
CaC03, heating the mixture in platinum to bright redness 
for about three-quarters of an hour, extracting the fritted 
residue with water, precipitating with (NH^COa, evapo- 
rating the filtrate to small bulk, again treating with 
(NH 4 ) 2 C03, filtering, evaporating to dryness and igniting to 
remove ammonium salts, dissolving in a few drops of water 
and a drop of HC1, and testing before the spectroscope. 
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B. LIQUIDS AND SOLUTIONS. 

(a) If the liquid or solution is neutral to litmus, proceed 
as directed in the Basic Analysis and in the Acidic Analysis. 

(6) If the liquid or solution is acid to litmus, remove, if 
necessary, as much free acid as possible, and proceed as 
directed in the Basic Analysis and in the Acidic Analysis. 

(c) If the liquid or solution is alkaline, acidify with HNO3 
carefully. If no precipitate forms, proceed as directed in the 
Basic Analysis and in the Acidic Analysis. If a precipitate 
falls, filter, and proceed to examine the filtrate as directed in 
the Basic Analysis and in the Acidic Analysis and prepare 
the residue according to the methods laid down in A. 



C. GASES. 

Gases can be completely and properly analyzed only by 
the special methods, chiefly quantitative, of gas analysis. 
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COMMENTARY UPON THE PREPARATION FOR 

ANALYSIS. 

I. Treatment with water. — It is assumed that the Pre- 
liminary Testing has preceded, and that the phenomena 
observed have been duly studied. If this is the case, any 
special phenomena, such as the evolution of gas, change of 
color, etc., attending the action of water upon the substance 
have been interpreted. The application of the Basic Analysis 
and the Acidic Analysis follows then in due course. 

The basic ion or ions present having been determined, a 
reference to the Table of Solubilities will shorten the exam- 
ination for the acidic ions, by the elimination of those acidic 
ions which form with the basic ions present insoluble com- 
pounds. For example, should barium be the basic ion found, 
practically all the acidic ions of Group I are shown to be 
absent. 

The removal of the basic ion£ before testing for the acidic 
ions is not always necessary, but it is advisable, because in 
many instances the presence of basic ions does interfere in 
the tests for the acidic ions. In removing the basic ions by 
boiling with sodium carbonate, a large excess of that reagent 
is to be avoided, both on account of its solvent action upon 
certain of the precipitates thus formed, and also because of 
the undesirability of having considerable amounts oiJt in 
the Prepared Solution. After the basic ion present is Sown, 
proper precautions in the use of sodium carbonate will natu- 
rally suggest themselves. 
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II. Treatment with adds. — It is very important to note 
any phenomena that occur in connection with the action of 
acid upon the substance insoluble in water. If a carbonate 
or sulphide, for example, should be under examination, carbon 
dioxide or hydrogen sulphide would be evolved as soon as 
the acid was added, and unless promptly tested for would be 
lost. m 

Any considerable excess of acid remaining after the 
treatment with acid should be removed by evaporation. An 
excess of hydrochloric acid tends to prevent the precipitation 
of certain of the sulphides by hydrogen sulphide, and an 
excess of nitric acid not only tends to form aqua regia when 
hydrochloric acid is added, but oxidizes hydrogen sulphide 
to sulphuric acid and sulphur. 

Acidic ions which give, with the basic ions found, com- 
pounds soluble in water are not to be looked for; and it is 
perhaps unnecessary to add that the acidic ion of any acid 
used in making a solution of the substance is not to be tested 
for in that solution. 

III. Special treatment of substances insoluble in water 
and acids. — (a) and (b) Many of the commonly occurring 
substances insoluble in water and acids, such as sulphur and 
carbon, will have been identified by the Preliminary Testing. 

(c) By fusion of the oxides of tin and antimony with 
sodium carbonate and sulphur, the sulpho-salts sodium sulpho- 
stannate and sodium sulphantimonate are formed. These 
are decomposed by hydrochloric acid with formation of sul- 
phides, which in turn are acted upon by stronger hydro- 
chloric acid with production of soluble chlorides. 

(d) When the insoluble cyanides are acted upon by strong 
potassium hydroxide or sodium hydroxide, the insoluble 
hydroxides or oxides of the metals and the soluble cyanide of 
sodium or potassium are formed. 

(e) The action of zinc and sulphuric acid upon the halides 
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of silver is to throw out the silver on the zinc and liberate 
the halogen acid. 

(/) Ammonium acetate, acting upon lead sulphate, forms 
lead acetate and ammonium sulphate. 

(g) The fusion on iron is made particularly for the detec- 
tion of silver, lead, aluminium, and silicon. Should silver 
or lead be present, it would not be safe to use platinum on 
account of the danger of forming a fusible alloy with the 
platinum; and a fusion in porcelain would probably intro- 
duce some aluminium and silicon, both of which are present 
in porcelain. The potassium carbonate and the sodium car- 
' bonate are mixed, because fusion is effected at a lower tem- 
perature than that at which either of these carbonates fuses 
alone. It is important to extract the fused mass thoroughly 
with boiling water, in order to insure a complete separation 
between the soluble and the insoluble materials. 

(h) This fusion is made in platinum or porcelain, accord- 
ing to the results of the previous fusion on iron. The potas- 
sium nitrate or the sodium peroxide is used to convert any 
Cr 111 present to Cr". The acidic ions in general are to be 
found in the hot-water extract after fusion; the basic ions 
are generally to be found in the residue from the hot-water 
treatment. Some SiC>4 usually remains with the basic ions 
in the residue after treatment with water, and some soluble 
compounds of aluminium may be found in the hot-water 
extract. 
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1 = soluble in water. 

2« " " acids only. 

3— insoluble in water and acids. 

1-2= sparingly soluble in water, readily in acids. 
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2-3- " " "acids only. 
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COMMON SALTS IN WATER AND ACIDS. 
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Places left blank correspond to salts which are uncommon, 
difficult to prepare, indefinite, or unknown. 

♦Acted upon by water with the formation of insoluble 
basic salts. 
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THE ELEMENTARY ANALYSIS. 

Given a pure compound of carbon, the elementary analy- 
sis is a comparatively simple matter. Those compounds will 
be considered which, besides carbon, may contain the ele- 
ments hydrogen, oxygen, nitrogen, sulphur, phosphorus, and 
the halogens. 

(i) Carbon and Hydrogen. — If the substance is not easily 
volatilized, mix a small amount of it with powdered CuO, 
previously ignited, in a test-tube fitted with a mushroom- 
trap moistened with lime-water, and heat strongly. If the 
substance is a volatile solid or liquid, saturate with it asbestos 
fiber, cover with CuO, and proceed as in the preceding experi- 
ment. If the substance is a gas, allow it to pass from the 
container into a U tube containing red-hot CuO and fitted 
with a mushroom-trap moistened with lime-water. Turbid- 
ity, due to the formation of CaCOs, indicates C, moisture in 
the cooler parts of the tube indicates H. 

(2) Nitrogen. — (a) Bring the substance, solid, liquid, or 
gas, cautiously into contact with a small amount of melted 
sodium just as it was brought into contact with CuO in the 
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preceding test. Project (with caution) the hot tube into a 
beaker containing about 25 cm. 3 of water, boil, filter, add to 
the filtrate a solution of FeSO* and FeCl 3 , make alkaline with 
NaOH, boil again, and acidify with HC1 — Prussian blue 
Fe ra 4(Fe u C 6 N 6 )3 indicates N. 

(6) Bring the substance into contact with a large quantity 
of soda-lime (Na 2 C03 and CaO taken in equal parts). The 
odor of NH 3 or blue coloration of red litmus by volatile gas 
indicates N. 

(3) Sulphur. — (a) Treat with sodium as in (2), (a). After 
extracting with water and filtering, divide the solution. (1) 
To one portion add a few drops of a solution of sodium nitro- 
prusside Na 2 Fe(CN) 5 (NO). A violet color indicates S. (2) 
To the other portion add Pb(G 2 H 3 2 )2 and HC 2 H 3 2 . 
Black PbS indicates S. 

(b) Bring the substance, solid, liquid, or gas, cautiously 
into contact with fused K 2 Cr 2 07, or with a fused mixture 
of Na 2 C0 3 and Na 2 2 or KN0 3 . Extract the cooled mass 
with water, filter, acidify with HC1, and add BaCl 2 . A white 
precipitate, BaSO*, indicates S. 

(4) Phosphorus. — Bring the substance, as in (3), into con- 
tact with a fused mixture of Na 2 C0 3 and Na 2 2 or KN0 3 , 
extract the cooled mass with water, filter, acidify strongly 
with HN0 3 ,- and add ammonium molybdate, (NH4) 2 M0O4. 
The formation of yellow' (NH 4 ) 3 P04.11Mo0 3 .6H 2 indi- 
cates P. 

(5) The Halogens. — Heat the substance with CaO in a 
test-tube, cool, extract with water, filter, acidify with HNO3, 
and add AgN0 3 . A precipitate (AgCl, AgBr, Agl) indicates 
CI, Br, or I. 
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Identification of Organic Acids. 

The following methods may be helpful in identifying 
any single one of the Organic Acids studied. 

Method I. 

Treat the dry substance with a few cubic centimeters of 
strong H2SO4 and warm gently. 

(1) Odor of vinegar indicates acetic acid. 

(2) Evolution of gas without charring : 

(a) CO indicates formic acid. 

(b) CO+CO2 indicates oxalic acid or uric acid. 
Distinguish by reference to Characteristic Reac- 
tions. 

(3) Charring, with evolution of gas, indicates tartaric acid, 

citric acid, succinic acid, lactic acid, or cinnamic 
acid* 

Distinguish by reference to Characteristic Reac- 
tions. 

(4) Solution with little or no charring indicates benzoic 

acid, salicylic acid, meconic acid, malic acid, or 
hippuric acid. 

Distinguish by reference to Characteristic Reac- 
tions. 

(5) A precipitate indicates tannic acid (in absence of inor- 

ganic bases). 

(6) Green coloration changing to purple indicates gallic 

acid. 

* Cinnamic acid chars without apparent evolution of gas. 
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Method II. 

Treat a small amount of the dry substance with an equal 
amount of soda-lime and heat. 

(1) Evolution of inflammable gases indicates formic acid, 

acetic acid, oxalic acid, benzoic acid, or cinnamic acid. 
• Distinguish by reference to Characteristic Reac- 

tions. 

(2) Evolution of ammonia indicates uric acid or hippuric 

acid. 

Distinguish by reference to Characteristic Reac- 
tions. 

(3) Odor of phenol indicates salicylic acid. 

(4) None of the above reactions indicates tartaric acid, 

citric acid, meconic acid, gallic acid, tannic acid, 
lactic acid, malic acid, or succinic acid. 

Distinguish by reference to Characteristic Reac- 
tions. 
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reactions 22, 23, 39 

Mercurous ion, identification 18 

reactions .• 16, 17, 21 

Mixture, separation of constituents 7-11 

Nickel ion, identification 54 

reactions 49, 51, 58 

Nitric ion, identification 102 

reactions 101 

Nitrogen, identification 128 

Nitrous ion, identification 102 

reactions 101 

Organic compounds 128-139 

Oxalic ion, identification 90, 134-135 

reactions .- 87, 130 

Phosphoric ion, identification. 88 

reactions 85 

Phosphorus, identification 129 

Potassium ion, identification 71 
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Potassium ion, reactions 69, 73 

Properties of condition 2 

reaction 2 

Reaction, complete 4 

incomplete 4 

Salicylic acid, identification 134, 135 

reactions 131 

Separation, gases 7-11 

liquids 7-11 

solids 7-11 

Silicic ion, identification 75, 90 

reactions 8ft 

Silver ion, identification 1 ^ 

reactions 16, 17, 21 

Sodium ion, identification 71 

reactions 6& 

Solubilities, Table of 126-127 

Strontium ion, identification 62 

reactions 60, 61, 67 

Succinic acid, identification 134, 135 

reactions 132 

Sulphocyanogen ion, identification 96 

reactions 95 

Sulphur, identification 129 

Sulphur ion, identification 90, 96, 97 

reactions 95 

Sulphuric ion, identification 88 

reactions 84 

Sulphurous ion, identification 88, 90 

reactions 84 

Systematic examination 106-127 

Tannic acid, identification 134, 135 

reactions 131 

Tartaric ion, identification 90, 134, 135 

reactions 87 

Thiosulphuric ion, identification 90, 105 

reactions 85 

Tin ion, identification 31 

reactions 24-27, 40 

Uric acid, identification 134-135 

reactions 131 

Zinc ion, identification 53 

reactions 49, 51, 59 
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Descriptive circulars sent on application. Books marked with an asterisk (*) are sold 
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Publishers' Association at net prices subject to an extra charge for postage. All books 
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AGRICULTURE. 



Armsby's Manual of Cattle-feeding iamo, Sx 75 

Principles of Animal Nutrition 8vo, 4 00 

Budd and Hansen's American Horticultural Manual: 

Part L Propagation, Culture, and Improvement i2mo, x 50 

Part IL Systematic Pomology. xamo, x 50 

Downing's Fruits and Fruit-trees of America 8vo, 5 00 

ElHott'8 Engineering for Land Drainage 12 mo, x 50 

Practical Farm Drainage , . x2mo, 1 00 

Graves's Forest Mensuration 8vo, 4 00 

Green's Principles of American Forestry 12 mo, 1 50 

Grotenf eft's Principles of Modern Dairy Practice. (WolL) nmo, 2 00 

Kemp's Landscape Gardening. iamo, 2 50 

Maynard's Landscape Gardening as Applied to Home Decoration 12 mo, 1 50 

* McKay and Larsen's Principles and Practice of Butter-making 8vo, 1 50 

Sanderson's Insects Injurious to Staple Crops i2mo, 1 50 

Insects Injurious to Garden Crops. (In preparation.) 
Insects Injuring Fruits. (In preparation.) 

Stockbridge's Rocks and Soils 8vo, 2 50 

Winton's Microscopy of Vegetable Foods 8vo, 7 50 

Woll's Handbook for Farmers and Dairymen i6mo, x 50 



ARCHITECTURE. 

Baldwin's Steam Heating for Buildings i2mo, 2 50 

Bashore's Sanitation of a Country House nmo, 1 00 

Berg's Buildings and Structures of American Railroads 4 to, 5 00 

Birkmire's Planning and Construction of American Theatres 8vo, 3 00 

Architectural Iron and Steel 8vo, 3 50 

Compound Riveted Girders as Applied in Buildings 8vo, 2 00 

Planning and Construction of High Office Buildings 8vo, 3 50 

Skeleton Construction in Buildings. ... 8vo, 3 00 

Brigg's Modern American School Buildings. 8vo, 4 00 
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Carpenter's Heating and Ventilating of Buildings 8vo, 4 00 

Freitag's Architectural Engineering. 8vo, 3 50 

Fireproofing of Steel Buildings. 8vo, 2 50 

French and Ives's Stereotomy. 8vo, 2 50 

Gerhard's Guide to Sanitary House-inspection. i6mo, 1 00 

Theatre Fires and Panics zamo, 1 50 

♦Greene's Structural Mechanics 8vo, 2 50 

Holly's Carpenters' and Joiners' Handbook i8mo, 75 

Johnson's Statics by Algebraic and Graphic Methods '. 8vo, 2 00 

Kidder's Architects' and Builders' Pocket-book. Rewritten Edition. x6mo,mor., 5 00 

Merrill's Stones for Building and Decoration 8vo, 5 00 

Ron-metallic Minerals: Their Occurrence and Uses 8vo, 4 00 

Monckton's Stair-building 4to ( 4 00 

Pattern's Practical Treatise on Foundations. 8vo, 5 00 

Peabody's Naval Architecture 8vo, 7 50 

Rice's Concrete-block Manufacture 8vo, 2 00 

Richey's Handbook for Superintendents of Construction i6mo, mor., 4 00 

* Building Mechanics' Ready Reference Book. Carpenters' and Wood- 
workers' Edition i6mo, morocco, 1 so 

Sabin's Industrial and Artistic Technology of Paints and Varnish 8vo, 3 00 

Siebert and Biggin's Modern Stone-cutting and Masonry 8vo, z 50 

Snow's Principal Species of Wood 8vo, 3 50 

Sondericker's Graphic Statics with Applications to Trusses, Beams, and Arches. 

8vo, 2 00 

Towne's Locks and Builders' Hardware i8mo, morocco, 3 00 

Wait's Engineering and Architectural Jurisprudence 8vo, 6 00 

Sheep, 6 50 

Law of Operations Preliminary to Construction in Engineering and Archi- 
tecture 8vo, 5 00 

Sheep, 5 50 

Law of Contracts 8vo, 3 00 

Wood's Rustless Coatings: Corrosion and Electrolysis of Iron and Steel. .8vo, 4 00 
Woice8ter and Atkinson's Small Hospitals, Establishment and Maintenance, 
Suggestions for Hospital Architecture, with Plans for a Small Hospital. 

i2mo, z 25 

The World's Columbian Exposition of 1893 Large 4to, z 00 



ARMY AND NAVY. 

Bernadou's Smokeless Powder, Nitro-cellulose, and the Theory of the Cellulose 

Molecule i2mo, 2 50 

* Brail's Text-book Ordnance and Gunnery 8vo, 6 00 

Chase's Screw Propellers and Marine Propulsion. 8vo, 3 00 

Cloke's Gunner's Examiner 8vo, 1 50 

Craig's Azimuth 4 to, 3 50 

Crehore and Squier's Polarizing Photo-chronograph 8vo, 3 00 

* Davis's Elements of Law 8vo, 2 50 

* Treatise on the Military Law of United States. 8vo, 7 00 

Sheep, 7 50 

De Brack's Cavalry Outposts Duties. (Carr.) 24010, morocco, 2 00 

Dietz's Soldier's First Aid Handbook z6mo, morocco, z 25 

* Dredge's Modern French Artillery 4to, half morocco, 15 00 

Durand's Resistance and Propulsion of Ships 8vo, 5 00 

* Dyer's Handbook of Light Artillery. iamo, 3 00 

Eissler's Modern High Explosives. 8vo, 4 00 

* Fiebeger's Text-book on Field Fortification Small 8vo, 2 00 

Hamilton's The Gunner's Catechism x8mo, z 00 

* Hoff's Elementary Naval Tactics. 8vo, z 50 
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Ingalls's Handbook of Problems in Direct Fire 8vo, 4 00 

* Ballistic Tables 8vo, 1 50 

* Lyons's Treatise on Electromagnetic Phenomena. Vols. I. and II. ,8vo, each, 6 00 

* Mahan's Permanent Fortifications. (Mercur.) 8vo, half morocco, 7 50 

Manual for Courts-martial. i6mo, morocco, 1 50 

* Hercur's Attack of Fortified Places umo, 2 00 

* Elements of the Art of War 8vo, 4 00 

Metcalf's Cost of Manufactures — And the Administration of Workshops. 8vo, 5 00 

* Ordnance and Gunnery. 2 vols x2mo, 5 00 

Murray's Infantry Drill Regulations i8mo, paper, 10 

Nixon's Adjutants' Manual. 24010, 1 00 

Peabody's Naval Architecture 8vo, 7 50 

* Phelps's Practical Marine Surveying 8vo, 2 50 

Powell's Army Officer's Examiner nmo, 4 00 

Sharpe's Art of Subsisting Armies in War. i8mo, morocco, 1 50 

* Tupes and Poole's Manual of Bayonet Exercises and Musketry Fencing. 

24mo, leather, 50 

* Walke's Lectures on Explosives 8vo, 4 oc 

Weaver's Military Explosives 8vo, 3 00 

* Wheeler's Siege Operations and Military Mining 8vo, 2 00 

Winthrop's Abridgment of Military Law : i2mo, 2 50 

Woodhull's Notes on Military Hygiene i6mo, 1 50 

Yot*ng'« Simple Elements of Navigation. i6mo, morocco, 2 00 



ASSAYING. 

Fletchsr's Practical Instructions in Quantitative Assaying with the Blowpipe. 

1 2 mo, morocco, 1 50 

Furman's Manual of Practical Assaying 8vo, 3 00 

Lodge's Notes on Assaying and Metallurgical Laboratory Experiments. . . .8vo, 3 00 

Low's Technical Methods of Ore Analysis 8vo, 3 00 

Miller's Manual of Assaying i2mo, 1 00 

Cyanide Process i2mo, 1 00 

Millet's Production of Aluminum and its Industrial Use. (Waldo.) i2mo, 2 50 

O'Driscoll's Notes on the Treatment of Gold Ores 8vo, 2 00 

Ricketts and Miller's Notes on Assaying 8vo, 3 00 

Robine and Lenglen's Cyanide Industry. (Le Clerc.) 8vo, 4 00 

Ulke's Modern Electrolytic Copper Refining 8vo, 3 00 

Wilson's Cyanide Processes i2mo, 1 50 

Chlorination Process i2mo, 1 50 



ASTRONOMY. 

Comstock's Field Astronomy for Engineers 8vo, 2 50 

Craig's Azimuth 4to, 3 50 

Doolittle's Treatise on Practical Astronomy 8vo, 4 00 

Gore's Elements of Geodesy 8vo, 2 50 

Hayford's Text-book of Geodetic Astronomy 8vo, 3 00 

Merriman's Elements of Precise Surveying and Geodesy 8vo, 2 50 

* Michie and Harlow's Practical Astronomy 8vo, 3 00 

* White's Elements of Theoretical and Descriptive Astronomy i2mo, 2 00 



BOTANY. 

Davenport's Statistical Methods, with Special Reference to Biological Variation. 

i6mo, morocco, z 25 

Thomtf and Bennett's Structural and Physiological Botany. i6mo, 2 25 

Westermaier's Compendium of General Botany. (Schneider.) 8vo, 2 00 
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CHEMISTRY. 

Adriance's Laboratory Calculations and Specific Gravity Tables. iamo, z as 

Alexeyeff ' s General Principles of Organic Synthesis. (Matthews.) 8vo, 3 00 

Allen's Tables for Iron Analysis. . . . • 8vo, 3 00 

Arnold's Compendium of Chemistry. (Mandel.) Small 8vo. 3 50 

Austen's Notes for Chemical Students iamo, 1 50 

Bernadou's Smokeless Powder. — Nitro-cellulose, and Theory of the Cellulose 

Molecule 12 mo, 2 50 

* Browning's Introduction to the Rarer Elements 8vo, 1 50 

Brush and Penfield's Manual of Determinative Mineralogy. . 8vo y 4 00 

Claassen's Beet-sugar Manufacture. (Hall and Rolfe.) 8vo, 3 00 

Classen's Quantitative Chemical Analysis by Electrolysis. (Boltwood.). .8vo, 3 co 

Conn's Indicators and Test-papers i2mo, 2 00 

Tests and Reagents 8vo, 3 00 

Crafts's Short Course in Qualitative Chemical Analysis. (Schaeffer.). . . iamo, 1 50 
Dolezalek's Theory of the Lead Accumulator (Storage Battery). (Von 

Ende.) i2mo, 2 50 

Drechsel's Chemical Reactions. (Merrill.) i2mo, 1 25 

Duhem's Thermodynamics and Chemistry. (Burgess.) 6vo, 4 00 

Eissler's Modern High Explosives 8vo, 4 00 

Effront's Enzymes and their Applications.- (Prescott.) 8vo, 3 00 

Erdmann's Introduction to Chemical Preparations. (Dunlap.) i2mo, 1 25 

Fletcher's Practical Instructions in Quantitative Assaying with the Blowpipe. 

i2mo, morocco, 1 50 

Fowler's Sewage Works Analyses i2mo, 2 00 

Fresenius's Manual of Qualitative Chemical Analysis. (Wells.) 8vo, 5 00 

Manual of Qualitative Chemical Analysis. Part I. Descriptive. (Wells.) 8vo, 3 00 

System of Instruction in Quantitative Chemical Analysis. (Cohn.) 

2 vols 8vo, 12 50 

Fuertes's Water and Public Health i2mo, 1 50 

Furman's Manual of Practical Assaying 8vo, 3 00 

* Getman's Exercises in Physical Chemistry i2mo, 2 00 

Gill's Gas and Fuel Analysis for Engineers 12 mo, 1 25 

Grotenfelt's Principles of Modern Dairy Practice. (Woll.) iamo, 2 00 

Groth's Introduction to Chemical Crystallography (Marshall) 12 mo, 1 25 

Hammarsten's Text-book of Physiological Chemistry. (Mandel.) 8vo, 4 00 

Helm's. Principles of Mathematical Chemistry. (Morgan.) 12 mo, 1 50 

Hering's Ready Reference Tables (Conversion Factors) i6mo, morocco, 2 50 

Hind's Inorganic Chemistry 8vo, 3 «y* 

* Laboratory Manual for Students i2mo, 1 00 

Holleman's Text-book of Inorganic Chemistry. (Cooper.) 8vo, 2 50 

Text-book of Organic Chemistry. (Walker and Mott.) 8vo, 2 50 

* Laboratory Manual of Organic Chemistry. (Walker.) i2mo, 1 00 

Hopkins's Oil-chemists' Handbook 8vo, 3 00 

Jackson's Directions for Laboratory Work in Physiological Chemistry. .8vo, 1 25 

Keep's Cast Iron 8vo, 2 50 

Ladd's Manual of. Quantitative Chemical Analysis i2mo, 1 00 

Landauer's Spectrum; Analysis. (Tingle.) 8vo, 3 00 

* Langworthy. *fl£ Austen. The Occurrence of Aluminium in Vegetable 

Pjygucts, Animal Products, and Natural Waters 8vo, 2 00 

Lassar-Cohn's Practical Urinary Analysis. (Lorenz.) i2mo, 1 00 

Application of Some General Reactions to Investigations in Organic 

Chemistry. (Tingle.). lamo, 1 00 

Leach's The Inspection and Analysis of Food with Special Reference to State 

Control 8vo, 7 50 

Lob's Electrochemistry of Organic Compounds. (Lorenz.) 8vo, 3 00 

Lodge's Notes on Assaying and Metallurgical Laboratory Experiments. .. .8vo, 3 00 

Low's Technical Method of Ore Analysis 8vo ; 3 00 

Lunge's Techno-chemical Analysis. (Cohn.) i2mo x 00 
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* McKay and Larsen's Principles and Practice of Butter-making 8vo i 50 

Mandel's Handbook for Bio-chemical Laboratory iamo, 1 50 

* Martin's- Laboratory Guide to Qualitative Analysis with the Blowpipe . . iamo, 60 
Mason's Water-supply. (Considered Principally from a Sanitary Standpoint) 

3d Edition, Rewritten 8vo, 4 00 

Examination of Water. (Chemical and Bacteriological.) x2mo, 1 25 

Matthew's The Textile Fibres 8vo, 3 50 

Meyer's Determination of Radicles in Carbon Compounds. (Tingle.). . z2mo, 1 00 

Miller's Manual of Assaying. 121110, 1 00 

Cyanide Process nmo, 1 00 

Minet's Production of Aluminum and its Industrial Use. (Waldo.) .... i2mo, 2 50 

Mixter's Elementary Text-book of Chemistry z2mo, 1 50 

Morgan's An Outline of the Theory of Solutions and its Results z2mo, z 00 

Elements of Physical Chemistry i2xno, 3 00 

* Physical Chemistry for Electrical Engineers nmo, 1 50 

Morse's Calculations used in Cane-sugar Factories i6mo, morocco, 1 50 

Mulliken's General Method for the Identification of Pure Organic Compounds. 

Vol. I Large 8vo, 5 00 

O'Brine's Laboratory Guide In Chemical Analysis 8vo, 2 00 

O'Driscoll's Notes on the Treatment of Gold Ores 8vo, 2 00 

Ostwald's Conversations on Chemistry. Part One. (Ramsey.) i2mo, 1 50 

•• " " " Part Two. (TurnbulL) i2mo, 200 

* Penfield's Notes on Determinative Mineralogy and Record of Mineral Tests. 

8vo, paper, 5a 

Pictet's The Alkaloids and their Chemical Constitution. (Biddle.) 8vo, 5 00 

Pinner's Introduction to Organic Chemistry. (Austen.) i2mo. z 50 

Poole's Calorific Power of Fuels 8vo, 3 oc 

Prescott and Winslow's Elements of Water Bacteriology, with Special Refer- 
ence to Sanitary Water Analysis nmo, 1 25 

* Reisig's Guide to Piece-dyeing 8vo, 25 00 

Richards and Woodman's Air.Water, and Food from a Sanitary Standpoint. .8vo , 2 00 
Ricketts and Russell's Skeleton Notes upon Inorganic Chemistry. (Part I. 

Non-metallic Elements.) 8vo, morocco, 75 

Ricketts and Miller's Notes on Assaying 8vo, 3 00 

Rideal's Sewage and the Bacterial Purification of Sewage 8vo, 3 50 

Disinfection and the Preservation of Food 8vo, 4 00 

Riggs's Elementary Manual for the Chemical Laboratory 8vo, z 25 

Robine and Lenglen's Cyanide Industry. (Le Clerc.) 8vo, 4 00 

Rostoski's Serum Diagnosis. (Bolduan.) z2mo, z 00 

Ruddiman's Incompatibilities in Prescriptions 8vo, 2 oc 

* Whys in Pharmacy i2mo, z oo. 

Sabin's Industrial and Artistic Technology of Paints and Varnish 8vo, 3 oo> 

Salkowski's Physiological and Pathological Chemistry. (Orndorff.) 8vo, 2 50 

Schimpf's Text-book of Volumetric Analysis 12 mo, 2 50- 

Essentials of Volumetric Analysis nmo, 1 2s 

* Qualitative Chemical Analysis 8vo, z 25 

Smith's Lecture Notes on Chemistry for Dental Students 8vo, 2 50 

Spencer's Handbook for Chemists of Beet-sugar Houses z6mo, morocco, 3 00 

Handbook for Cane Sugar Manufacturers z6mo, morocco, 3 00. 

Stockbridge's Rocks and Soils 8vo, 2 5c* 

* Tillman's Elementary Lessons in Heat , 8vo, z 50 

* Descriptive General Chemistry 8vo, 3 00 

Treadwell's Qualitative Analysis. (Hall.) 8vo, 3 00 

Quantitative Analysis. (Hall.) 8vo, 4 00 

Turneaure and Russell's Public Water-supplies 8vo, 5 00 

Van Deventer's Physical Chemistry for Beginners. (Boltwood.) nmo, z 50* 

* Walke's Lectures on Explosives 8vo, 4 00 

Ware's Beet-sugar Manufacture and Refining Small 8vo, cloth, 4 00 

Washington's Manual of the Chemical Analysis of Rocks 8vo, 2 00 
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Wassermann's Immune Sera : Hemolysins, Cytotoxins, and Precipitins. (Bol- 

duan.) iamo, t oo 

Weaver's Military Explosives 8vo, 3 00 

Wehrenfennig's Analysis and Softening of Boiler Feed-Water 8vo, 4 00 

Wells's Laboratory Guide in Qualitative Chemical Analysis 8vo, 1 50 

Short Course in Inorganic Qualitative Chemical Analysis for Engineering 

Students i2mo, 1 50 

Text-book of Chemical Arithmetic 12 mo, 1 35 

Whipple's Microscopy of Drinking-water. 8vo, 3 50 

Wilson's Cyanide Processes i2mo, 1 50 

Chlorination Process i2mo, 1 50 

Winton's Microscopy of Vegetable Foods 8vo, 7 50 

Wulling's Elementary Course in Inorganic, Pharmaceutical, and Medical 

Chemistry i2mo, 2 00 



CIVIL ENGINEERING. 

BRIDGES AND ROOFS. HYDRAULICS. MATERIALS OF ENGINEERING. 

kAILWAY ENGINEERING. 

Baker's Engineers' Surveying Instruments nmo, 

Bixby's Graphical Computing Table Paper 19 J \24i inches. 

** Burr's Ancient and Modern Engineering and the Isthmian Cana -. (Postage, 

27 cents additional.) 8vo, 

Comstock's Field Astronomy for Engineers 8vo, 

Davis's Elevation and Stadia Tables 8vo, 

Elliott's Engineering for Land Drainage i2mo, 

Practical Farm Drainage iamo, 

♦Fiebeger's Treatise on Civil Engineering 8vo, 

Flemer's Phototopographic Methods and Instruments 8vo, 

Folwell's Sewerage. (Designing and Maintenance.) 8vo, 

Freitag's Architectural Engineering. 2d Edition, Rewritten 8vo, 

French and Ives's Stereotomy 8vo, 

'Goodhue's Municipal Improvements i2mo, 

Goodrich's Economic Disposal of Towns' Refuse 8vo, 

Gore's Elements of Geodesy 8vo, 

Hayford's Text-book of Geodetic Astronomy 8vo, 

Bering's Ready Reference Tables (Conversion Factors) i6mo, morocco, 

"Howe's Retaining Walls for Earth i2ico, 

* Ives's Adjustments of the Engineer's Transit and Level i6mo, Bds. 

Ives and Hilts's Problems in Surveying i6mo, morocco, 

Johnson's (J. B.) Theory and Practice of Surveying Small 8vo, 

Johnson's (L. J.) Statics by Algebraic and Graphic Methods 8vo, 

Laplace's Philosophical Essay on Probabilities. (Truscott and Emory.) . i2mo, 
Mahan's Treatise on Civil Engineering. (1873.) (Wood.) 8vo, 

* Descriptive Geometry 8vo, 

Merriman's Elements of Precise Surveying and Geodesy 8vo, 

Merriman and Brooks's Handbook for Surveyors i6mo, morocco, 

Nugent's Plane Surveying 8vo, 

'Ogden's Sewer Design. i2mo, 

Parsons's Disposal of Municipal Refuse 8vo, 

Patton's Treatise on Civil Engineering 8vo half leather, 

Reed's Topographical Drawing and Sketching 4 to, 

Rideal's Sewage and the Bacterial Purification of Sewage 8vo, 

Siebert and Biggin's Modern Stone-cutting and Masonry. 8vo, 

Smith's Manual of Topographical Drawing. (McMillan.) 8vo, 

.Sondericker's Graphic Statics, with Applications to Trusses, Beams, and Arches. 

8vo, 2 00 
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Taylor and Thompson's Treatise on Concrete, Plain and Reinforced 8vo, 

* Trautwine's Civil Engineer's Pocket-book. i6mo, morocco, 

Venable's Garbage Crematories in America 8vo, 

Wait's Engineering and Architectural Jurisprudence. .' Cvo, 

Sheep, 
Law of Operations Preliminary to Construction in Engineering and Archi- 
tecture 8vo, 

Sheep, 

Law of Contracts 8vo, 

Warren's Stereotomy — Problems in Stone-cutting 8vo, 

Webb's Problems in the Use and Adjustment ci Engineering Instruments. 

iomo, morocco, 

Wilson's Topographic Surveying 8vo, 



BRIDGES AND ROOFS. 

Boiler's Practical Treatise on the Construction of Iron Highway Bridges. .8vo, 2 00 

• Thames River Bridge 4to, paper, 5 00 

Burr's Course on the Stresses in Bridges and Roof Trusses, Arched Ribs, and 

Suspension Bridges 8vo, 3 50 

Burr and Falk's Influence Lines for Bridge and Roof Computations 8vo, 3 oe> 

Design and Construction of Metallic Bridges 8vo. 5 00 

Du Bois's Mechanics of Engineering. Vol. II Cnrall 4to, 10 co 

Foster's Treatise on Wooden Trestle Bridges 4to, 5 00 

Fowler's Ordinary Foundations 8vo, 3 50 

Greene's Roof Trusses 8vo, 1 25 

Bridge Trusses 8vo, 2 50 

Arches in Wood, Iron, and Stone 8vo, 2 50 

Howe's Treatise on Arches 8vo, 4 00 

Design of Simple Roof- trusses in Wood and Steel 8vo, 2 00 

Symmetrical Masonry Arches 8vo, 2 50 

Johnson, Bryan, and Turneaure's Theory and Practice in the Designing of 

Modern Framed Structures Small 4to, 10 00 

Merrlman and Jacoby's Text-book on Roofs and Bridges : 

Part I. Stresses in Simple Trusses 8vo, 2 50 

Part II. Graphic Statics 8vo, 2 50 

Part III. Bridge Design .8vo, 2 50 

Part IV. Higher Structures 8vo, 2 50 

Morison's Memphis Bridge 4to, 10 00 

Waddell's De Pontibus, a Pocket-book for Bridge Engineers . . i6mo, rcorocco, 2 00 

* Specifications for Steel Bridges i2iro, 50 

Wright's Designing of Draw-spans. Two parts in one volume 8vo, 3 5<> 



HYDRAULICS. 

Barnes's Ice Formation 8vo, 3 00 

Bazin's Experiments upon the Contraction of the Liquid Vein Issuing from 

an Orifice. (Trautwine.) 8vo, 

Bovey's Treatise on Hydraulics 8vo, 

Church's Mechanics of Engineering T 8vo, 

Diagrams of Mean Velocity of Water in Open Channels paper, 

Hydraulic Motors 8vo, 

Coffin's Graphical Solution of Hydraulic Problems i6mo, morocco, 

Flather's Dynamometers, and the Measurement of Power i2mo, 

Folwell's Water-supply Engineering. 8vo, 

Frizell's Water-power 8vo, 
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Fuertes's Water and Public Health. ,.12010, i so 

Water-filtration Works x2mo, a 50 

Ganguillet and Kutter's General Formula for the Uniform Flow of Water in 

Rivers and Other Channels. (Hering and Trautwine.) 8vo ( 4 00 

Hazen's Filtration of Public Water-supply 8vo, 3 00 

Hazlehurst's Towers and Tanks for Water-works 8vo, 2 50 

Herschel's 115 Experiments on the Carrying Capacity of Large, Riveted, Metal 

Conduits 8vo, 2 00 

Mason's Water-supply. (Considered Principally from a Sanitary Standpoint.) 

8vo, 4 00 

Merriman's Treatise on Hydraulics 8vo, 5 00 

* Michie's Elements of Analytical Mechanics 8vo, 4 00 

Schuyler's Reservoirs for Irrigation, Water-power, and Domestic Water- 
supply Large 8vo, 5 00 

** Thomas and Watt's Improvement of Rivers (Post., 44c. additional) 4to, 6 00 

Turneaure and Russell's Public Water-supplies 8vo, 5 00 

Wegmann's Design and Construction of Dams 4to, 5 00 

Water-supply of the City of New York from 1658 to 1895 4to, 10 00 

Williams and Hazen's Hydraulic Tables 8vo, 1 50 

Wilson's Irrigation Engineering Small 8vo, 4 00 

Wolff's Windmill as a Prime Mover 8vo, 3 00 

Wood's Turbines 8vo, 2 50 

Elements of Analytical Mechanics 8vo, 3 00 



MATERIALS OF ENGINEERING. 

Baker's Treatise on Masonry Construction .8vo, 

Roads and Pavements 8vo, 

Black's United States Public Works Oblong 4to, 

* Bovey's Strength of Materials and Theory of Structures . .8vo, 

Burr's Elasticity and Resistance of the Materials of Engineering. 8vo, 

Byrne's Highway Construction. 8vo, 

Inspection of the Materials and Workmanship Employed in Construction. 

x6mo, 

Church's Mechanics of Engineering 8vo, 

Du Bois's Mechanics of Engineering. VoL I Small 410, 

* Eckel's Cements, Limes, and Plasters 8vo, 

Johnson's Materials of Construction Large 8vo, 

Fowler's Ordinary Foundations 8vo, 

Graves's Forest Mensuration 8vo, 

* Greene's Structural Mechanics 8vo, 

Keep's Cast Iron 8vo, 

Lanza's Applied Mechanics 8vo, 

Marten's Handbook on Testing Materials. (Henning.) 2 vols 8vo, 

Maurer's Technical Mechanics 8vo, 

Merrill's Stones for Building and Decoration 8vo, 

Merriman's Mechanics of Materials 8vo, 

Strength of Materials . . . .' iamo, 

Metcalfe Steel. A Manual for Steel-users ismo, 

Pattern's Practical Treatise on Foundations 8vo, 

Richardson's Modern Asphalt Pavements 8vo, 

Richey's Handbook for Superintendents of Construction i6mo, mor., 

* Ries's Clays: Their Occurrence, Properties, and Uses 8vo, 

Rockwell's Roads and Pavements in France i2mo, 

Sabin's Industrial and Artistic Technology of Paints and Varnish 8vo, 

Smith's Materials of Machines i2mo, 

Snow's Principal Species of Wood 8vo, 
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Spalding's Hydiaulic Cement ismo, 

Text-book on Roads and Pavements i2mo, 

Taylor and Thompson's Treatise on Concrete. Plain and Reinforced 8vo, 

Thurston's Materials of Engineering. 3 Parts 8vo, 

Part I. Non-metallic Materials of Engineering and Metallurgy . 8vo, 

Part II Iron and Steel. 8vo, 

Part III. A Treatise on Brasses, Bronzes, and Other Alloys and their 

Constituents. 8vo, 

Thurston's Text-book of the Materials of Construction 8vo, 

Tillson's Street Pavements and Paving Materials 8vo, 

Waddell's De Pontibus (A Pocket-book for Bridge Engineers.) . . i6mo, mor., 

Specifications for Steel Bridges i2mo, 

Wood's (De V.) Treatise on the Resistance of Materials, and an Appendix on 

the Preservation of Timber 8vo, 

Wood's (De V.) Elements of Analytical Mechanics 8vo, 

Wood's (M. P.) Rustless Coatings: Corrosion and Electrolysis of Iron and 

Steel, 8vo, 4 00 



RAILWAY ENGINEERING. 

Andrew's Handbook for Street Railway Engineers 3x5 inches, morocco, 1 *s 

Berg's Buildings and Structures of American Railroads 4to, 5 00 

Brook's Handbook of Street Railroad Location. i6mo, morocco. 1 50 

Butt's Civil Engineer's Field-book i6mo, morocco, 2 50 

Crandall's Transition Curve i6mo, morocco, 1 50 

Railway and Other Earthwork Tables. 8vo, 1 50 

Dawson's "Engineering" and Electric Traction Pocktet-book . . iomo, morocco, 5 00 

Dredge's History of the Pennsylvania Railroad: (1879) Paper, 5 00 

* Drinker's Tunnelling, Explosive Compounds, and Rock Drills. 4to, half mor., 25 00 

Fisher's Table of Cubic Yards Cardboard, 25 

Godwin's Railroad Engineers' Field-book and Explorers' Guide. . . i6mo, mor., 2 50 

Howard's Transition Curve Field-book. i6mo, morocco, 1 50 

Hudson's Tables for Calculating the Cubic Contents of Excavations and Em- 
bankments 8vo, 1 00 

Molitor and Beard's Manual for Resident Engineers i6mo, 1 00 

Nagle's Field Manual for Railroad Engineers i6mo, morocco, 3 00 

Philbrick's Field Manual for Engineers i6mo, morocco, 3 00 

Searles's Field Engineering xomo, morocco, 3 00 

Railroad Spiral. z6mo, morocco, 1 50 

Taylor's Prismoidal Formulae and Earthwork 8vo, 1 so 

* Trautwine's Method ot Calculating the Cube Contents of Excavations and 

Embankments by the Aid of Diagrams 8vo, 2 00 

The Field Practice of Laying Out Circular Curves for Railroads. 

X2mo, morocco, 2 50 

Cross-section Sheet Paper, 25 

Webb's Railroad Construction i6mo, morocco, 5 00 

Economics of Railroad Construction Large i2mo, 2 50 

Wellington's Economic Theory ot the Location of Railways Small 8vo. 5 00 



DRAWING. 

Barr's Kinematics of Machinery 8vo 2 50 

* Bartlett's Mechanical Drawing 8vo, 3 00 

*. " " " Abridged Ed 8vo, 150 

Coolidge's Manual of Drawing 8vo, paper, 1 00 

9 



Coolidge and Freeman's Elements of General Drafting; for Mechanical Engi- 
neers ; . . . Oblong; 4to 

Durley*s Kinematics of Machines 8vo 

Emch's Introduction to Projective Geometry and its Applications 8vo 

Hill's Text-book on Shades and Shadows, and Perspective 8vo 

Jamison's Elements of Mechanical Drawing 8vo 

Advanced Mechanical Drawing 8vo 

Jones's Machine Design: 

Part I. Kinematics of Machinery 8vo 

Part II. Form, Strength, and Proportions of Parts 8vo 

MacCord's Elements of Descriptive Geometry. 8vo 

Kinematics; or, Practical Mechanism 8vo 

Mechanical Drawing 4to 

Velocity Diagrams 8vo 

MacLeod's Descriptive Geometry. Small 8vo 

* Mahan's Descriptive Geometry and Stone-cutting 8vo 

Industrial Drawing. (Thompson.) 8vo 

Moyer's Descriptive Geometry 8vo 

Reed's Topographical Drawing and Sketching 4to 

Reid's Course in Mechanical Drawing 8vo 

Text-book of Mechanical Drawing and Elementary Machine Design. 8 vo 

Robinson's Principles of Mechanism 8vo 

Schwamb and Merrill's Elements of Mechanism 8vo 

Smith's (R. S.) Manual of Topographical Drawing. (McMillan.) 8vo 

Smith (A. W.) and Marx's 1 T achine Design 8vo 

* Titsworth's Elements of Mechanical Drawing Oblong 8vo 

Warren's Elements of Plane and Solid Free-hand Geometrical Drawing, nmo 

Drafting Instruments and Operations 12 mo 

Manual of Elementary Projection Drawing. 12 mo 

Manual of Elementary Problems in the Linear Perspective of Form and 

Shadow 1 2 mo 

Plane Problems in Elementary Geometry , . i2mo 

Primary Geometry i2mo 

Elements of Descriptive Geometry, Shadows, and Perspective 8vo 

General Problems of Shades and Shadows 8vo 

Elements of Machine Construction and Drawing 8vo 

Problems, Theorems, and Examples in Descriptive Geometry 8vo 

Weisbach's Kinematics and Power of Transmission. (Hermann and 

Klein.) 8vo 

Whelpley's Practical Instruction in the Art of Letter Engraving 12 mo 

Wilson's (H. M.) Topographic Surveying 8vo 

Wilson's (V. T.) Free-hand Perspective 8vo 

Wilson's (V. T.) Free-hand Lettering 8vo 

Woolf's Elementary Course in Descriptive Geometry Large 8vo 
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ELECTRICITY AND PHYSICS. 



Anthony and Brackett's Text-book of Physics. (Magie.) Small 8vo, 

Anthony's Lecture-notes on the Theory of Electrical Measurements. . . . i2mo, 

Benjamin's History of Electricity 8vo, 

Voltaic CeU. 8vo, 

Classen's Quantitative Chemical Analysis by Electrolysis. (Boltwood.).8vo, 

* Collins's Manual of Wireless Telegraphy. i2mo, 

Morocco, 

Crehore and Squier's Polarizing Photo-chronograph 8vo, 

Dawson's "Engineering" and Electric Traction Pocket-book. i6mo, morocco, 

10 
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Dolezalek's Theory- of the Lead Accumulator (Storage Battery). (Von 

Ende.) i2mo, 

Duhem's Thermodynamics and Chemistry. (Burgess.) 8vo, 

Flather's Dynamometers, and the Measurement of Power i2mo, 

Gilbert's De Magnete. (Mottelay.) 8vo, 

Hanchett's Alternating Currents Explained x2mo, 

Hering's Ready Reference Tables (Conversion Factors) i6mo, morocco, 

Holman's Precision of Measurements 8vo, 

Telescopic Mirror-scale Method, Adjustments, and Tests. . . . Large *8vo, 

Kinzbrunner's Testing of Continuous-current Machines 8vo, 

Landauer's Spectrum Analysis. (Tingle.) 8vo, 

Le Chatelier s High-temperature Measurements. (Boudouard — Burgess.) i2mo, 
Lob's Electrochemistry of Organic Compounds. (Lorenz.) 8vo, 

* Lyons's Treatise on Electromagnetic Phenomena. Vols. I. and II. 8vo, each, 

* Michie's Elements of Wave Motion Relating to Sound and Light 8vo, 

Niaudet's Elementary Treatise on Electric Batteries. (Fishback.) 12 mo, 

* Parshall and Hobart's Electric Machine Design 4 to, half morocco, 

* Rosenberg's Electrical Engineering. (Haldane Gee — Kinzbrunner.). . .8vo, 

Ryan, Norris, and Hoxie's Electrical Machinery. Vol. 1 8vo, 

Thurston's Stationary Steam-engines 8vo, 

* Tillman's Elementary Lessons in Heat 8vo, 

Tory and Pitcher's Manual of Laboratory Physics Small 8vo, 

Ulke's Modern Electrolytic Copper Refining 8vo, 
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LAW. 

* Davis's Elements of Law 8vo, 2 50 

* Treatise on the Military Law of United States 8vo, 7 00 

* Sheep, 7 50 

Manual for Courts-martial. i6mo, morocco, 1 50 

Wait's Engineering and Architectural Jurisprudence 8vo, 6 00 

Sheep, 6 50 
Law of Operations Preliminary to Construction in Engineering and Archi- 
tecture 8vo, 5 00 

Sheep, 5 50 

Law of Contracts 8vo, 3 00 

Winthrop's Abridgment of Military Law i2mo, 2 50 



MANUFACTURES. 

Bernadou's Smokeless Powder — Nltro-oelluiosc and Theory of the Cellulose 

Molecule i2mo, 

Holland's Iron Founder. 12 mo, 

The Iron Founder," Supplement x2mo, 

Encyclopedia of Founding and Dictionary of Foundry Terms Used in the 

Practice of Moulding i2mo, 

Claassen's Beet-sugar Manufacture. (Hall and Rolfe.) 8vo, 

* Eckel's Cements, Limes, and Plasters 8vo, 

Eissler's Modern High Explosives 8vo, 

Effront's Enzymes and their Applications. (Prescott.) 8vo, 

Fitzgerald's Boston Machinist i2mo, 

Ford's Boiler Making for Boiler Makers i8mo, 

Hopkin's Oil-chemists' Handbook 8vo, 

Keep's Cast Iron. 8vo, 

11 
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Leach's The Inspection and Analysis of Food with Special Reference to State 

Control. " . Large 8vo, 7 50 

* McKay and Larson's Principles and Practice of Butter-making 8vo, 1 50 

Matthews's The Textile Fibres 8vo, 3 50 

Metcalf's SteeL A Manual for Steel-users i2mo, 2 00 

Metcalfe's Cost of Manufactures — And the Administration of Workshops. 8vo, 5 00 

Meyer's Modern Locomotive Construction 4to, 10 00 

Morse's Calculations used in Cane-sugar Factories i6mo, morocco, 1 50 

* Reisig's Guide to Piece-dyeing. 8vo, 25 00 

Rice's Concrete-block Manufacture 8vo, 2 00 

Sabin's Industrial and Artistic Technology of Paints and Varnish 8vo, 3 00 

Smith's Press-working of Metals 8vo, 3 00 

Spalding's Hydraulic Cement 12 mo, 2 00 

Spencer's Handbook for Chemists of Beet-sugar Houses i6mo, morocco, 3 00 

Handbook for Cane Sugar Manufacturers *6mo, morocco, 3 00 

Taylor and Thompson's Treatise on Concrete, Plain and Reinforced 8vo, 5 00 

Thurston's Manual of Steam-boilers, their Designs, Construction and Opera- 
tion 8vo, 5 00 

* Walke's Lectures on Explosives 8vo, 4 00 

Ware's Beet-sugar Manufacture and Refining Small 8vo, 4 00 

Weaver's Military Explosives 8vo, 3 00 

West's American Foundry Practice X2mo, 2 50 

Moulder's Text-book '. . 12 mo, 2 50 

Wolff's Windmill as a Prime Mover 8vo, 3 00 

Wood's Rustless Coatings: Corrosion and Electrolysis of Iron and Steel. .8vo, 4 00 



MATHEMATICS. 

Baker's Elliptic Functions 8vo, 

* Bass's Elements of Differential Calculus 12 mo, 

Briggs's Elements of Plane Analytic Geometry i2mo, 

Compton's Manual of Logarithmic Computations i2mo, 

Davis's Introduction to the Logic of Algebra 8vo, 

* Dickson's College Algebra Large 12 mo, 

* Introduction to the Theory of Algebraic Equations Large 12 mo, 

Emch's Introduction to Projective Geometry and its Applications 8vo, 

Halsted's Elements of Geometry 8vo, 

Elementary Synthetic Geometry. 8vo, 

Rational Geometry 12010, 

* Johnson's (J. B.) Three-place Logarithmic Tables: Vest-pocket size. paper, 

100 copies for 

* Mounted on heavy cardboard, 8X10 inches, 

10 copies for 
Johnson's (W W.) Elementary Treatise on Differential Calculus. .Small 8vo, 

Elementary Treatise on the Integral Calculus Small 8vo, 

Johnson's (W. W.) Curve Tracing in Cartesian Co-ordinates 12 mo, 

Johnson's (W. W.) Treatise on Ordinary and Partial Differential Equations. 

Small 8vo, 
Johnson's (W. W.) Theory of Errors and the Method of Least Squares. i2mo, 

* Johnson's (W W.) Theoretical Mechanics i2mo, 

Laplace's Philosophical Essay on Probabilities. (Truscott and Emory.) . nmo, 

* Ludlow and Bass. Elements of Trigonometry and Logarithmic and Other 

Tables 8vo, 

Trigonometry and Tables published separately Each, 

* Ludlow's Logarithmic and Trigonometric Tables 8vo. 

Manning's Irrational Numbers and their Representation by Sequences and Series 

iamo z 25 
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Mathematical Monographs. Edited by Mansfield Merriman and Robert 

S. Woodward Octavo, eac*h i oo 

No. i. History of Modern Mathematics, by David Eugene Smith. 
No. 2. Synthetic Projective Geometry, by George Bruce Halsted. 
No. 3. Determinants, by Lacnas Gifford Weld. No. 4. Hyper- 
bolic Functions, by James McMahon. No. 5. Harmonic Func- 
tions, by William £. Byerly. No. 6. Grassmann's Space Analysis, 
by Edward W. Hyde. No. 7. Probability and Theory of Errors, 
by Robert S. Woodward. No. 8. Vector Analysis and Quaternions, 
by Alexander Macfarlane. No. 9. Differential Equations, by 
William Woolsey Johnson. No. xo. The Solution of Equations, 
by Mansfield Merriman. No. xi. Functions of a Complex Variable, 
by Thomas S. Fiske. 

Maurer s Technical Mechanics 8vo, 4 00 

Merriman's Method of Least Squares 8vo, 2 00 

Rice and Johnson's Elementary Treatise on the Differential Calculus. . Sm. 8vo, 3 00 

Differential and Integral Calculus. 2 vols, in one Small 8vo, 2 50 

Wood's Elements of Co-ordinate Geometry 8vo, 2 00 

Trigonometry: Analytical, Plane, and Spherical . . . . X2mo, x 00 



MECHANICAL ENGINEERING. 

MATERIALS OF ENGINEERING, STEAM-ENGINES AND BOILERS. 

Bacon's Forge Practice i2mo, 

Baldwin's Steam Heating for Buildings 12 mo, 

Barr's Kinematics of Machinery 8vo, 

* Bartlett's Mechanical Drawing 8vo, 

* " " " Abridged Ed 8vo, 

Benjamin's Wrinkles and Recipes X2mo, 

Carpenter's Experimental Engineering . .8vo, 

Heating and Ventilating Buildings 8vo, 

Cary's Smoke Suppression in Plants using Bituminous Coal. (In Prepara- 
tion.) 

Clerk's Gas and Oil Engine Small 8vo, 

Coolidge's Manual of Drawing 8vo, paper, 

Coolidge and Freeman's Elements of General Drafting for Mechanical En- 
gineers Oblong 410, 

Cromwell's Treatise on Toothed Gearing i2mo, 

Treatise on Belts and Pulleys i2mo, 

Durley's Kinematics of Machines 8vo, 

Flather's Dynamometers and the Measurement of Power nmo, 

Rope Driving 12 mo, 

Gill's Gas and Fuel Analysis for Engineers i2mo, 

Hall's Car Lubrication i2mo, 

Hering's Ready Reference Tables (Conversion Factors) x6mo, morocco, 

Hutton's The Gas Engine ! 8vo, 

Jamison's Mechanical Drawing 8vo, 

Jones's Machine Design: 

Part I. Kinematics of Machinery 8vo, 

Part II. Form, Strength, and Proportions of Parts 8vo, 

Kent's Mechanical Engineers' Pocket-book i6mo, morocco, 

Kerr's Power and Power Transmission. 8vo, 

Leonard's Machine Shop, Tools, and Methods 8vo, 

* Lorenz's Modern Refrigerating Machinery. (Pope, Haven, and Dean.) . . 8vo, 
MacCord's Kinematics; or Practical Mechanism 8vo, 

Mechanical Drawing 4to. 

Velocity Diagrams 8vo, 

13 
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MacFarland's Standard Reduction Factors for Gases 8vo, 

Mahan's Industrial Drawing. (Thompson.) 8vo, 

Poole's Calorific Power of Fuels 8vo, 

Reid's Course in Mechanical Drawing 8vo, 

Text-book of Mechanical Drawing and Elementary Machine Design. 8 vo, 

Richard's Compressed Air i2mo, 

Robinson's Principles of Mechanism 8vo, 

Schwamb and Merrill's Elements of Mechanism 8vo, 

Smith's (0.) Press-working of Metals 8vo, 

Smith (A. W.) and Marx's Machine Design 8vo, 

Thurston's Treatise on Friction and Lost Work in Machinery and Mill 
Work..' 8vo, 

Animal as a Machine and Prime Motor, and the Laws of Energetics . iamo, 

Warren's Elements of Machine Construction and Drawing 8vo, 

Weisbach's Kinematics and the Power of Transmission. (Herrmann — 
Klein.) 8vo, 

Machinery of Transmission and Governors. (Herrmann — Klein.). 8vo, 

Wolff's Windmill as a Prime Mover 8vo, 

Wood's Turbines 8vo, 



MATERIALS OP ENGINEERING. 

* Bovey's Strength of Materials and Theory of Structures 8vo, 7 50 

Burr's Elasticity and Resistance of the Materials of Engineering. 6th Edition. 

Reset .■ 8vo, 

Church's Mechanics of Engineering. 8vo, 

* Greene's Structural Mechanics 8vo, 

Johnson's Materials of Construction 8vo, 

Keep's Cast Iron . 8vo f 

Lanza's Applied Mechanics 8vo, 

Martens 's Handbook on Testing Materials. (Henning.) 8vo, 

Maurer's Technical Mechanics 8vo, 

Merriman's Mechanics of Materials 8vo, 

Strength of Material nmo, 

Metcalf 's Steel. A man "a. lor Steel-users i2mo, 

Sabin's Industrial and Artistic Technology of Paints and Varnish 8vo, 

Smith's Materials of Machines i2mb t 

Thurston's Materials of Engineering 3 vols., 8vo, 

Part II. Iron and Steel 8vo, 

Part III. A Treatise on Brasses, Bronzes, and Other Alloys and their 

Constituents 8vo, 

Text-book of the Materials of Construction 8vo, 

Wood's (De V.) Treatise on the Resistance of Materials and an Appendix on 

the Preservation of Timber 8vo, 

Elements of Analytical Mechanics 8vo, 

Wood's (M. P.) Rustless Coatings: Corrosion and Electrolysis of Iron and 

Steel 8vo, 4 00 



STEAM-ENGINES AND BOILERS. 

Berry's Temperature-entropy Diagram 12 mo, 1 25 

Carnot's Reflections on the Motive Power of Heat (Thurston.).,. . . nmo, x 50 

Dawson's "Engineering" and Electric Traction Pocket-book. . . . i6mo mor., 5 00 

Ford's Boiler Making for Boiler Makers i8mo, 1 00 

Goss's Locomotive Sparks 8vo, 2 00 

Hemenway's Indicator Practice and Steam-engine Economy i2mo, 2 00 
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Sutton's Mechanical Engineering of Power Plants. 8vo, 5 00 

Heat and Heat-engines 8vo. 5 00 

Kent's Steam boiler Economy 8vo, 4 00 

Kneass's Practice and Theory of the Injector 8vo, 1 50 

MacCord's Slide-valves 8vo, 2 00 

Meyer's Modern Locomotive Construction 4to, 10 00 

Peabody's Manual of the Steam-engine Indicator f2mo. 1 50 

Tables of the Properties of Saturated Steam and Other Vapors 8vo, 1 00 

Thermodynamics of the Steam-engine and Other Heat-engines. 8vo, 5 00 

Valve-gears for Steam-engines 8vo, 2 50 

Peabody and Miller's Steam-boilers 8vo, 4 00 

Pray's Twenty Years with the Indicator Large 8vo, 2 50 

Pupin's Thermodynamics of Reversible Cycles in Gases and Saturated Vapors. 

(Osterberg.) i2mo, 1 25 

Reagan's Locomotives: Simple Compound, and Electric 121110, 2 50 

Rontgen's Principles of Thermodynamics. (Du Bois.) 8vo, 5 00 

Sinclair's Locomotive Engine Running and Management i2mo, 2 00 

Smart's Handbook of Engineering Laboratory Practice 12 mo, 2 50 

Snow's Steam-boiler Practice 8vo, 3 00 

Spangler's Valve-gears 8vo, 2 50 

Notes on Thermodynamics i2mo, 1 00 

Spangler, Greene, and Marshall's Elements of Steam-engineering 8vo, 3 00 

Thomas's Steam-turbines 8vo, 3 50 

Thurston's Handy Tables 8vo, 1 50 

Manual of the Steam-engine 2 vols., 8vo, 10 00 

Part I. History, Structure, and Theory 8vo, 6 00 

Part H. Design, Construction, and Operation 8vo, 6 00 

Handbook of Engine and Boiler Trials, and the Use of the Indicator and* 

the Prony Brake 8vo, 5 00 

Stationary Steam-engines 8vo, 2 50 

Steam-boiler Explosions in Theory and in Practice 12010, x 50 

Manual of Steam-boilers, their Designs, Construction, and Operation 8vo, 5 00 

Wehrenfenning's Analysis and Softening of Boiler Feed-water (Patterson) 8vo, 4 00 

Weisbach's Heat, Steam, and Steam-engines. (Du Bois.) 8vo, 5 00 

Whitham's Steam-engine Design 8vo, 5 00 

Wood's Thermodynamics, Heat Motors, and Refrigerating Machines . . .8vo, 4 00 



MECHANICS AND MACHINERY. 

Ban's Kinematics of Machinery 8vo, 2 50 

* Bovey's Strength of Materials and Theory of Structures 8vo, 7 50 

Chase's The Art of Pattern-making i2mo, 2 50 

Church's Mechanics of Engineering 8vo, 6 00 

Notes and Examples in Mechanics 8vo, 2 00 

Compton's First Lessons in Metal-working. i2mo, 1 50 

Compton and De Groodt's The Speed Lathe .* 12 mo, 1 50 

Cromwell's Treatise on Toothed Gearing 12 mo, 1 50 

Treatise on Belts and Pulleys i2mo, 1 50 

Dana's Text-book of Elementary Mechanics for Colleges and Schools. . 12 mo, r 50 

Dingey's Machinery Pattern Making ! . . . . i2xno, 2 00 

Dredge's Record of the Transportation Exhibits Building of the World's 

Columbian Exposition of 1893 4to half morocco, 5 00 

u Bois's Elementary Principles of Mechanics? 

Vol. I. Kinematics 8vo, 

Vol. H. Statics 8vo, 

Mechanics of Engineering. Vol. I Small 4to, 

VoL H Small 4to, 

~Durley*s Kinematics of Machines 8vo, 
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Fitzgerald's Boston Machinist i6mo 

Flather's Dynamometers, and the Measurement of Power 12 mo 

Rope Driving nmo 

Goss's Locomotive Sparks 8vo 

* Greene's Structural Mechanics 8vo 

Hall's Car Lubrication 12 mo 

Holly's Art of Saw Filing i8mo 

James's Kinematics of a Point and the Rational Mechanics of a Particle. 

Small 8vo 

* Johnson's (W. W.) Theoretical Mechanics 12010 

Johnson's (L. J.) Statics by Graphic and Algebraic Methods » . . .8vo 

Jones's Machine Design: 

Part I. Kinematics of Machinery 8vo 

Part II. Form, Strength, and Proportions of Parts 8vo 

Kerr's Power and Power Transmission. 8vo 

Lanza's Applied Mechanics 8vo 

Leonard's Machine Shop, Tools, and Methods 8vo 

* Lorenz's Modern Refrigerating Machinery. (Pope, Haven, and Dean.).8vo 
MacCord's Kinematics ; or. Practical Mechanism 8vo 

Velocity Diagrams. 8vo 

* Martin's Text Book on Mechanics, Vol. I, Statics 12 mo 

Maurer's Technical Mechanics 8vo 

Merriman's Mechanics of Materials 8vo 

* Elements of Mechanics i2mo 

* Michie's Elements of Analytical Mechanics 8vo 

* Parshalland Hobart's Electric Machine Design 4to r half morocco 

Reagan's Locomotives: Simple, Compound, and Electric 12 mo 

Reid's Course in Mechanical Drawing 8vo 

Text-book of Mechanical Drawing and Elementary Machine Design. 8vo 

Richards's Compressed Air iamo 

Robinson's Principles of Mechanism. 8vo 

Ryan, Norris, and Hoxie's Electrical Machinery. Vol. 1 8vo 

Sanborn's Mechanics: Problems Large i2mo, 

Schwamb and Merrill's Elements of Mechanism 8vo 

Sinclair's Locomotive-engine Running and Management i2mo 

Smith's (O.) Press-working of Metals 8vo 

Smith's (A. W.) Materials of Machines 12 mo 

Smith (A. W.) and Marx's Machine Design 8vo 

Spangler, Greene, and Marshall's Elements of Steam-engineering 8vo 

Thurston's Treatise on Friction and Lost Work in Machinery and Mill 
Work 8vo 

Animal as a Machine and Prime Motor, and the Laws of Energetics. 1 2mo 

Warren's Elements of Machine Construction and Drawing 8vo 

Weisbach's Kinematics and Power of Transmission. (Herrmann — Klein. ) . 8vo 

Machinery of Transmission and Governors. (Herrmann — Klein. ).8vo 
Wood's Elements of Analytical Mechanics 8vo 

Principles of Elementary Mechanics i2mo 

Turbines 8vo 

The World's Columbian Exposition of 1893 4to 
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METALLURGY. 

Egleston's Metallurgy of Silver, Gold, and Mercury: 

VoL I. Silver 8vo, 7 50 

Vol. II. Gold and Mercury. 8vo, 7 50 

Goesel's Minerals and Metals: a Reference Book < . . . . x6mo, mor. 3 00 

** Iles's Lead-smelting. (Postage 9 cents additional ) , i2mo f 2 50 

Keep's Cast Iron. , ^8vo, 2 go 
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Kunhardt's Practice of Ore Dressing in Europe 8vo, i 50 

Le Chatelier's High-temperature Measurements. (Boudouard — Burgess. )i2mo. 3 00 

Metcalf's SteeL A Manual for Steel-users 12010, 2 00 

Miller's Cyanide Process nmo, x 00 

Minet's Production of Aluminum and its Industrial Use. (Waldo.). . • • 12 mo, 2 50 

Robine and Lenglen's Cyanide Industry. (Le Clerc.) 8vo, 4 00 

Smith's Materials of Machines i2xno, 1 00 

Thurston's Materials of Engineering. In Three Parts. 8vo, 8 00 

Part II. Iron and SteeL 8vo, 3 50 

Part m. A Treatise on Brasses* Bronzes, and Other Alloys and their 

Constituents 8vo, 2 50 

Ulke's Modern Electrolytic Copper Refining 8vo, 3 00 



MINERALOGY. ' 

Barringer's Description of Minerals of Commercial Value. Oblong, morocco, 

Boyd's Resources of Southwest Virginia 8vo, 

Map of Southwest Virignia '. Pocket-book form. 

Brush's Manual of Determinative Mineralogy. (Penfield.) 8vo, 

Chester's Catalogue of Minerals 8vo, parper, 

Cloth, 

Dictionary of the Names of Minerals 8vo 

Dana's System of Mineralogy Large 8vo, half leather 

First Appendix to Dana's New " System of Mineralogy." Large 8vo, 

Tert-book of Mineralogy 8vo, 

Minerals and How to Study Them i2mo, 

Catalogue of American Localities of Minerals Large 8vo, 

Manual of Mineralogy and Petrography i2mo, 

Douglas's Untechnical Addresses on Technical Subjects i2mo, 

Bakle's Mineral Tables 8vo, 

Egleston's Catalogue of Minerals and Synonyms 8vo, 

Goesel's Minerals and Metals : A Reference Book i6mo, mor.. 

Groth's Introduction to Chemical Crystallography (Marshall) nmo, 

Hussak's The Determination of Rock-forming Minerals. (Smith.). Small 8vo, 
Merrill's Non-metallic Minerals: Their Occurrence and Uses 8vo, 

* Penfield's Notes on Determinative Mineralogy and Record of Mineral Tests. 

8vo, paper, 50 
Rosenbusch's Microscopical Physiography of the Rock-making Minerals. 

(Iddings.) .8vo, 5 00 

* Tillman's Text-book of Important Minerals and Rocks 8vo, 2 00 
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MINING. 

Beard's Ventilation of Mines nmo, 2 50 

Boyd's Resources of Southwest Virginia 8vo, 3 00 

Map of Southwest Virginia Pocket-book form . 2 00 

Douglas's Untechnical Addresses on Technical Subjects i2mo, x 00 

* Drinker's Tunneling, Explosive Compounds, and Rock Drills. -4to,hf. mor., 25 00 

Eissler's Modern High Explosives 8-*» 4 c 

Goesel's Minerals and Metals : A Reference Book . . i6mo, mor. 3 00 

Goody ear's Coal-mines of the Western Coast of the United States 12 mo, 2 50 

Ihlseng's Manual of Mining 8vo, 5 00 

** Iles's Lead-smelting. (Postage 9c. additional.) 12010, 2 50 

Kunhardt's Practice of Ore Dressing in Europe 8vo, 1 50 

Miller's Cyanide Process i2mo, 1 00 
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O'Driscoll's Notes on the Treatment of Gold Ores. 8vo, 2 00 

Robine and Lenglen's Cyanide Industry. (Le Clerc.) 8vo, 4 00 

* Walke's Lectures on Explosives 8vo, 4 00 

Weaver's Military Explosives 8vo, 3 00 

Wilson's Cyanide Processes i2mo, 1 50 

Cblorination Process i2mo, 1 50 

Hydraulic and Placer Mining i2mo, 2 00 

Treatise on Practical and Theoretical Mine Ventilation. umo, x 25 



SANITARY SCIENCE. 



Bashore's Sanitation of a Country House 12 mo 

* Outlines of Practical Sanitation i2mo 

Folwell's Sewerage. (Designing, Construction, and Maintenance.) 8vo 

Water-supply Engineering 8vo 

Fowler's Sewage Works Analyses i2mo 

Fuertes's Water and Public Health. 12 mo 

Water-filtration Works. . i2mo 

Gerhard's Guide to Sanitary House-inspection x6mo 

Goodrich^ Economic Disposal of Town's Refuse Demy 8vo 

Hazen's Filtration of Public Water-supplies 8vo 

Leach's The Inspection and Analysis of Food with Special Reference to State 

Control 8vo 

Mason's Water-supply. (Considered principally from a Sanitary Standpoint) 8vo 

Examination of Water. (Chemical and Bacteriological) 12 mo 

Ogden's Sewer Design nmo 

Prescott and Winslow's Elements of Water Bacteriology, with Special Refer- 
ence to Sanitary Water Analysis i2mo 

* Price's Handbook on Sanitation i2mo 

Richards's Cost of Food. A Study in Dietaries nmo 

CosUof Living as Modified by Sanitary Science 12 mo 

Cost of Shelter i2mo 

Richards and Woodman's Air, Water, and Food from a Sanitary Stand- 
point " '. 8vo 

* Richards and Williams's The Dietary Computer 8vo 

Rideal's Sewage and Bacterial Purification of Sewage 8vo 

Turneaure and Russell's Public Water-supplies 8vo 

Yon Behring's Suppression of Tuberculosis. (Bolduan.) iamo 

Whipple's Microscopy of Drinking-water 8vo 

Winton's Microscopy of Vegetable Foods 8vo 

Woodhull's Notes on Military Hygiene i6mo 

* Personal Hygiene 12 mo 
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MISCELLANEOUS. 

De Fursac's Manual of Psychiatry. (Rosanoff and Collins.) Large x2mo, 2 50 

Ehrlich's Collected Studies on Immunity (Bolduan) 8vo, 6 00 

Emmons's Geological Guide-book of the Rocky Mountain Excursion of the 

International Congress of Geologists Large Svo, 1 50 

Ferret's Popular Treatise on the Winds 8vo. 4 00 

Haines's American Railway Management nmo, 2 50 

Mott's Fallacy of the Present Theory of Sound i6mo, x 00 

Ricketts's History of Rensselaer Polytechnic Institute, 1824-1894.. Small 8vo, 3 00 

Rostoski's Serum Diagnosis. (Bolduan.) 12 mo , 1 00 

.Rotherham's Emphasized New Testament r Large Svo, 3 00 
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Steel's Treatise on the Diseases of the Bos;. too, 3 50 

The World's Columbian Exposition of 1893 4ta y 1 00 

Von Behring's Suppression of Tuberculosis. (Bolduan.) 12 mo, 1 00 

Winslow's Elements of Applied Microscopy xamo, 1 50 

Worcester and Atkinson. Small Hospitals, Establishment and Maintenance; 

Suggestions for Hospital Architecture : Plans for Small Hospital . x amo , x 25 



HEBREW AND CHALDEE TEXT-BOOKS. 

Green's Elementary Hebrew Grammar xamo, x 35 

Hebrew Chrestomathy. 8vo, a 00 

Gesenius's Hebrew and Chaldee Lexicon to the Old Testament Scriptures. 

(Tregelles.) Small 410, half morocco, 5 00 

Lettexis's Hebrew Bible 8vo, a 35 
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